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Oil  shale  is  ac  timlly  not  shn  lo , and  does  not  contnin  oil.  It  is, 
instead.  - f i no-g  ru  i nod , compact,  laminated  sedimentary  ro-k  that  eon- 
tains  keroy «.  n , an  organic  hUh-molccular  weight  mineraloid  oi  indefinite 
composition.  Although  oil  shale  has  some  properties  common  to  both  pe- 
troleum and  coal,  it  is  distinct,  represent ing  an  intermediate  or  transi- 
tional stage  in  hydrocarbon  nc cumulation  and  evolution. 

'I  • none rn  1 geological  consensus  is  that  oil  shale  was  deposited 
largely  at  the  bottoms  of  quiet  lakes  and  lagoons  containing  large  quanti 
ties  oi  nearly  fresh  water.  However,  oil  shales  were  formed  in  many  dif- 
ferent geological  times  and  in  a range  of  geographic  and  physiographic 
environments. 1 As  a result,  the  degree  and  effectiveness  of  complex  geo- 
chemical processes  varied,  and  consequently  the  chemical  composition  of 
korogen  in  oil  shales  varies  greatly.  Particularly  variable  are  the  con- 
tents of  nitrogen  and  sulfur.  Most  ol  the  sulfur  is  in  the  form  of  iron 

sulfides  and  gypsum,  although  some  sulfur  is  combined  with  the  organic 
matter. 

Organic  material  is  common  in  almost  all  types  of  sedimentary  rocks." 
''  * t h ^creasing  amounts  of  organic  matter,  some  sedimentary  rocks  grade 
into  oil  shales,  and  others  grade  into  coal  seams.  Oil  shales  show  that 
organic  material  is  collected  and  preserved  at  much  different  rates  in 
succeeding  strata  or  sections  or  strata.  Oil  shales  are  generally  thin- 
bedded,  occurring  intercalated  with  other  sedimentary  horizons.  Although 
thus  represent  sharp  changes  in  deposition  character,  oil  shales  must  be 


1 


originated  through  long  term  rhythmic  changes  in  the  deposition;  in  this 
respect,  they  appear  to  be  the  result  of  processes  similar  to  tiiat  which 
resulted  in  coal  seam  formation. 

The  organic  portion  of  oil  shale  ranges  from  10  to  10  percent,  and 
the  oil  yield  ranges  from  2 to  2-1  percent.  The  geochemistry  of  oil  shales 
differs  from  coals  in  that  organic  matter  is  closely  associated  with  the 
mineral  mass.  Oil  shale  quality  is  closely  dependent  on  the  source  or- 
ganic matter  as  well  as  on  the  conditions  of  its  diagenesis  and  inter- 
action with  tiie  sediments.  The  character  of  oil  shales  is  also  influenced 
bv  tiie  successive  alterations  experienced  subsequent  to  deposition;  since 
the  deposits  cover  a range  of  ages,  tiiis  also  contributes  to  tiie  vari- 
ability in  quality. 

Generally  speaking,  older  oil  shales  have  higher  yields  of  oil  than 
more  recent  deposits.  However,  lesser  oil  yields  are  found  in  metamorphosed 
deposits,  owing  to  escape  of  tiie  parts  ol'  the  hydrocarbon  fractions.  For 
tiiis  reason,  oil  shales  seem  to  lie  of  little  Importance  in  much  of  Eastern 
Europe,  especially  in  countries  that  have  experienced  severe  Alpine  fold- 
ing. Although  oil  shale  deposits  occur  in  Bulgaria  and  Czechoslovakia, 
these  resources  are  small  m comparison  to  those  of  the  USSR.  The  de- 
posits are  not  well-known,  and  therefore  it  is  difficult  to  arrive  at  an 
independent  assessment  of  resources  or  reoove rable  reserves.  Table  E-l 
summarizes  available  data  for  these  countries. 

liulga  ria  lias  mode  ra  te -s  1 zed  deposits  near  Hresnik,  where  about  125 
million  barrels  of  shale  oil  are  inferred.  Other  deposits  that  are  less 
well-known  occur  in  tiie  vicinity  of  Sofia,  Kustindil,  Radomir,  Vratca , 

Stdrn  /agora,  Ka/.anlik,  and  Gorna  bjoumaya;  no  resource  estimates  are 
available  for  these  deposits.  Probably,  however,  Bulgarian  oil  shale 
will  be  limited  to  relatively  small  scale,  local  uses. 
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1 nk  noun 


Source:  Jail'e,  Colorado  School  oi  Mines, 


Chechoslovakia  has  small  oil  shale  deposits  in  the  Klndno  Basin  as- 


sociated with  coal  deposits,  as  well  as  in  the  western  Bohemian  region. 


these  deposits,  however,  are  quite  small  and  unlikely  to  be  developed. 


other  than  to  meet  local  needs. 


^ (-toploty  oi  Oj  1 Shale  in  the  I’SSH 


A brief  description  ol  the  neology  of  oil  shale  in  the  I'SSH  is  ui 


lie  1 ou 


l . Si  lie  r i a 


Ihe  oldest  pJatlorm-type  oil  shale  deposits  of  the  USSR  are  in 


be ria . This  area  covers  about  150.000  square  kilometers.  The  oil  shale 


sequence  is  oi  bower  Cambrian  aKe  and  is  about  25  to  90  meters  thick.  The 
producing  formation  is  mainly  marine  limestones  and  shales,  with  varying 
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contents  of  organic  matter.  Most  oil  shales  have  thicknesses  of  about  1 
to  2 meters. 


-•  Ha  It ic  Basin 

The  most  important  oil  shale  resources  occur  in  this  area, 
mere  are  two  shale  formations,  both  of  Ordovician  a«e.  The  Baltic  oil 
Shale  area  covers  about  1,000  square  kilometers.  The  rocks  ot  this  area 
are  mainly  carbonate  rocks,  with  oil  shale  deposits  interbedded  with  marl 
and  limestone.  Structures  associated  will,  oil  shale  occurrences  are  com- 
plex. associated  with  fractures  and  karst  topography,  which  complicate 
mining  operations. 


^ • Russian  Platform  and  Urals 

rn  this  region  the  oil  shale  comprises  a horizon  in  the  Devonian 
sedimentary  sequence.  However,  the  oil  shale  is  not  of  good  quality,  al- 
though the  total  resources  appear  to  be  large. 


4.  Kazakhstan 

Oil  shales  occur  in  clastic  sediments  in  Kazakhstan.  In  this 

area,  the  oil  shale  is  about  1.,  meters  thick  and  is  included  in  a sequence 

of  folded  sediments . Younger  deposits  of  Upper  Paleozoic  age  also  occur 
in  this  region. 


5.  Kuznetsk  Basin 


(ill  shale  beds  nf  Devonian  aBe  ocean  In  the  Kuznetsk  Busin. 

Ih  this  basin  the  oil  shale  Is  Interbedded  with  shale,  and  the  beds  are 
Persistent  over  lame  areas.  The  all  shale  occurs  la  fairly  thick  beds 
(a  to  i7  meters)  that  are  sufficiently  close  to  the  surface  to  permit 


surface  mining 
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Oil  shale  deposits  of  more  recent  geological  tines  occur  in  Central 
Asia  and  elsewhere  in  Siberia.  l'or  the  most  part,  these  deposits  are 
relatively  small  and  low  grade,  although  they  are  not  well-known.  While 
the  resources  in  these  deposits  may  appear  to  be  great,  their  small  size, 
lower  quality,  and  remoteness  from  centers  of  industry  will  probably  rele- 
gate them  to  lesser  positions  compared  to  the  oil  shale  deposits  of  the 
European  USSR. 

C.  Oil  Shale  Resources  of  the  USSR 

The  oil  shale  of  the  USSR  is  significant  not  because  of  its  quality 
or  quantity,  but  because  of  the  locations  of  major  deposits  in  areas  lack- 
ing other  fuels.  Oil  shale  represents  an  important  local  fuel  in  the 
Baltic  area  and  in  the  Middle  Volga  region. 

Table  h-2  presents  estimates  of  the  oil  shale  resources  of  the  USSR. 
There  are  live  principal  oil  shale  regions;  Baltic,  northern  and  eastern 
Russian  platform,  Kazakhstan,  Kuznetsk  Basin,  and  eastern  Siberia.  Esti- 
mated geological  reserves'  (remaining  resources  in  place)  as  determined 
in  1955  and  1968  are  shown.  In  nearly  every  case  (except  for  Siberia), 
the  amount  of  estimated  resources  has  declined  in  the  most  recent  estimate, 
with  the  total  tonnage  of  Soviet  oil  shale  being  "only"  140  billion  metric 
tons  . 

Still,  these  resources  remain  ill-defined.  Only  about  5 percent  are 
proven,  with  another  15  percent  considered  probable;  four — fifths  of  the 
total  estimated  resources  are  classed  as  possible,  and  their  actual  magni- 
tude remains  uncertain.  Furthermore,  nearly  three-quarters  of  the  possible 
resources  are  located  in  the  remote  regions  of  Siberia  (Figure  E-l) . Even 
if  these  resources  were  better  known  and  could  be  developed,  it  seems 
likely  that  they  would  be  of  lesser  importance  than  the  more  sizable  de- 
posits of  oil,  gas,  and  coal  that  occur  in  Siberia.  The  best  known 
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OIL  SIIAIE  RESOURCES  OK  THE  USSR 
(Ml  III on  Tons) 


I 


7 


Figure  E-  I 

GEOLOGICAL  RESERVES  OF  OIL  SHALE  AND  ENERGY  POTENTIAL  OF  MINABLE  SHALE 

IN  THE  USSR 


mcl  highest  quality  oil  shale  resources  are  those  of  the  Kuropean  part  ol 
tne  I'SSK.  1 lie  Baltic  and  Middle  Volga  regions,  deficient  in  other  fuels, 
arc  fortunate  to  have  (he  highest  qualitv  nil  shale  deposits. 

i 1 1 > I ' V-2  also  shows  Soviet-estimated  "minahle  reserves”  of  o||  shale 

as  of  1955.  As  in  the  case  of  coal,  this  term  refers  to  deposits  that 
mi^ht  be  targets  lor  mining.  and  does  not  imply  a recoverability  factor. 
Because  ol  the  smaller  estimated  remaining  resourees  determined  in  1968, 
the  minahle  reserves  must  he  revised  accordingly/  Attempting  to  arrive 
at  a new  estimate  of  oil  shale  reserves,  v.e  have  employed  recent  data  for 
the  deposits  in  calculating  the  amount  likely  to  ho  recoverable. 

In  constructing  this  new  estimate,  we  have  relied  upon  USSR  oil  shale 
data  that  were  presented  in  a series  of  papers  at  the  1968  U . \ . Symposium 
on  the  Development  and  Itilixation  of  Oil  Shale  Resources  held  in  Tallinn, 
Ks ton  inn  SSR,  Data  were  derived  from  a number  of  papers  by  different 
authors  representing  different  institutes  and  agencies,  and  this  variety 
may  have  introduced  errors  of  unknown  amount  into  the  analysis;  however, 
any  such  errors  are  believed  to  be  small. 

In  discussing  the  development  ol  Baltic  oil  shales,  Cnxizov3  noted 
that  the  balance  of  resources  of  the  operating  pits  and  mines 

. . . comprise  only  II  percent  of  the  total  balance 
resources  of  the  categories  A Hitt*  , of  the  basin." 

(hixr/ov  goes  on  to  discuss  changes  in  oil  shale  thickness  and  quality 
toward  the  margins  of  the  basin.  Shale  deposits  . . which  have  been 

earlier  considered  to  be  rather  prospective  are  found  to  be  non-standard 
in  accordance  with  the  data  of  the  preliminary  prospecting.”  That  is, 


Mote  that  lor  the  Baltic  region,  the  latest  estimated  remaining  re- 
sources are  less  than  the  earlier  minahle  reserves. 
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they  lire  not  suitable  lor  development.  Allowing  lor  the  fact  that  ex- 
ploration may  have  been  incomplete  and  that  further  work  may  lend  to  d i s - 
cove  ry  of  more  promising  oi 1 shales,  it  is  assumed  that  up  to  20  percent 
ol  the  resources  in  place  may  be  of  sufficient  thickness  and  quality  to 
permit  efficient  operations.  Applying  this  factor  to  the  1968  estimated 
remaining  resources,  we  found  that  about  28  billion  tons  oi  oil  shale  oc- 
cur- in  thick  beds  suitable  for  development  (Table  E-2,  column  4).  How- 
ever, nearly  lour-filths  of  this  resource  is  in  Siberia,  and  the  most 
likely  developments  of  the  near  term  will  occur  only  in  the  European  sec- 
tor. 

Not  all  the  remaining  resources  will  be  recove  red . Gazizov  states 
that  mining  losses"  range  from  about  50  percent  in  underground  mining 
to  about  30  percent  in  surface  operations.  In  the  Baltic  shales,  frac- 
turing and  karst  conditions  greatly  complicate  mining,  and  influence  the 
recovery  oi  mined  shale.  In  this  analysis,  we  assume  that  only  about  50 
percent  recovery  will  be  achieved;  in  certain  areas  where  surface  mining 
can  be  practiced,  this  assumption  may  be  over-conservative.  Applying 
this  factor  to  the  remaining  resources  in  thick  beds,  we  estimate  that 
about  14  billion  tons  ol  recoverable  oil  shale  occur  in  the  USSR.  Only 
about  2.5  billion  tons  occur  in  the  European  sector,  and  only  about  1 
billion  in  the  Baltic  region,  where  previous  developments  have  been  con- 
centrated. Therefore,  it  seems  unlikely  that  oil  shale  would  become 
other  than  a local  fuel  that  is  used  to  supplement  energy  supplies. 

The  above  estimate  of  recoverable  oil  shale  reserves  may  be  checked 
against  a more  complete  estimate  according  to  reserve  categories  (Table 
E-3).  ibis  table  shows  that  the  total  estimated  resources  in  Categories 
A + B + C.  + C2  is  about  16  billion  tons.  However,  this  estimate  ex- 
cludes the  deposits  of  the  northeast  Siberian  platform  that  represent 
the  bulk  of  the  oil  shale  resources  of  the  USSR,  and  therefore  these 
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Table  K-li 


Oil.  SIIA1.1  RFSOI  ROES 

OF  THE 

USSR  BY  RESERVE 
(Mi  Hi on  Tons ) 

C 

CATEGORIES  - 
0 

IAN1ARY  1,  1961 

A + B 

1 

2 

Tot  a I. 

RSFSR 

1,316 

1,251 

5,131 

7,698 

Leningrad 

122 

698 

l,9o  6 

3 , 076 

Kostromsk 

1 

5 

36 

42 

Kuybyshe v 

103 

326 

1,895 

2 , 624 

Ulyanousk 

33 

15 

112 

161 

Sa ratov 

108 

36 

2 

146 

Orenburg 

309 

67 

d57 

833 

Heine  rovsk 

31 

8 

90 

132 

I rkutsk 

- 

91 

- 

91 

baskor  SSR 

r> 

6 

32 

43 

Komi  SSR 

- 

2 

550 

552 

Estonia 

1 , 963 

1 , 969 

4,667 

8 , 599 

Kazakhstan 

8 

16 

164 

218 

Ki rgiz 

2 

20 

43 

65 

Taozik 

1 

3 

26 

30 

TOT  A L 

3,290 

3,289 

10,031 

16,610 

data  are  not  comparable  with  the  SRI  estimated  total  recoverable  reserves 
presented  in  Table  K-2.  In  order  to  compare  these  data,  the  Siberian  re- 
sources must  be  excluded,  and  the  data  are  as  follows: 

SRI  estimated  recoverable 
oil  shale  reserves 

exclusive  of  Siberia  2.9  billion  tons 

Soviet  estimated  resources 

in  Categories  A + B 2.3  billion  tons 
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The  difference  in  these  estimates  is  small  (less  than  10  percent).  Thus, 
it  seems  reasonable  to  expect  that  the  oil  shale  reserves  of  the  I SSR  will 
be  about  II  billion  tons,  most  of  which  are  in  the  European  sector. 

1) . Oil  Shale  Production  and  t'se  in  the  USSR 

Although  the  mining  of  oil  shale  is  of  lesser  importance  relative  to 
the  overall  fuels  economy  of  the  i'SSH,  the  unique  nature  of  its  use  war- 
rants a brief  look  at  this  resource.  Oil  shale  accounted  for  approximately 

0.7  percent  (or.  equivalent  fuel  basis)  of  the  total  fuels  production  in 
4 

the  PSSR  in  1970.  Lt  is,  however,  of  major  importance  as  local  fuel  in 

Estonian  SSR  and  in  the  region  of  Leningrad.  In  1970  it  accounted  for 

5 

(30  percent  in  ttie  fuels  balance  of  Estonia. 

The  major  production  of  oil  shale  occurs  in  the  Estonian  SSR  and  the 

Leningrad  and  Volga  regions  of  RSFSR.  The  Leningrad  deposits  (Gdov)  are 

essentially  the  continuation  of  the  Estonian  (Baltic)  deposits,  having 

the  same  hydrocarbon  composition  and  varying  only  in  the  amounts  and  type 

G 

of  mineral  content.  Production  at  other  known  deposits  has  not  begun  or 
has  been  terminated  on  economic  grounds.  Table  E-4  covers  the  historical 
production  trends. 

The  production  in  1970  amounted  to  24  million  metric  tons,  with 

approximately  IS. 9 million  tons  produced  in  Estonian  SSR.  The  Soviet 

7 

plans  call  lor  production  to  increase  to  02. 7 million  tons  by  1975,  of 

8 

which  2G  million  tons  are  to  be  accounted  for  by  production  in  Estonia. 

The  shale  deposits  of  Estonia  and  the  Leningrad  region  lie  in  hori- 
zontal seams  about  3 meters  (approximately  10  feet)  thick,  at  depths  of 
(3  to  90  meters  (20  to  300  feet)  and  have  been  mined  by  traditional  methods 
employed  bv  the  coal  industry.  Both  deep  shaft  mining  and  open  seam  min- 
ing are  used.  The  open  seam  mining  methods  are  currently  favored,  on 
economic  grounds,  with  most  of  the  planned  production  growth  to  be 


not  available. 


accounted  for  by  this  method.  Open  pit  mining  is  practiced  in  the  Baltic 
region  only  (Kstonian  SSR) , as  is  evident  from  the  reported  regional  pro- 
duction and  mining  methods  statistics  in  Table  K-5. 


Table  K-5 

MINING  MKTIIODS  FOR  OIL  SUAlJv  IN  TIIK  USSR 
(Millions  Tons  per  Year*) 


Mining  Region  and  Method 

1965 

1971 

1975  (Plan) 

USSR  - total 

21.2 

25.3 

32.7 

Open  pit  mining 

3 . 3 

8.0 

13 . 0 

Deep  shaft  mining 

17.9 

17.3 

19.7 

RSFSR  - total 

5.1 

5.3 

15.7 

Open  ait  mining 

- 

- 

- 

Deep  shaft  mining 

5.1 

5.3 

6.7 

Kstonian  SSR  - total 

15.8 

20 . 0 

26.0 

Open  pit  mining 

3.3 

8.0 

13.0 

Deep  shaft  mining 

12.5 

12.0 

13.0 

Compiled  from  statements  and  statistics  in: 

1.  N.  V.  Melnikov,  Mineralnoe  toplivo,  "Nedra,"  Moscow  1971. 
-•  Cgol , No.  12,  p,  28,  1972. 

.i.  A.  P.  Petrov,  Prospects  of  Development  of  the  USSR  Oil 
Shale  Industry,"  Tallinn  1968. 
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The  reported  costs  and  productivity  of  oil  shale  mining  have  been 

improved  because  of  expansion  and  modernization  of  deep  shaft  mining  and 

wider  introduction  of  open  pit  mining  methods.  The  reported  monthly 

productivity  ol  a worker  in  the  Estonian  shale  industry  is  160  tons  for 

9 , 

deep  mines  and  500  tons  for  open  pit  mines,  while  his  counterpart  s 

10 

productivity  in  the  coal  industry  is  50  and  329  tons,  respectively. 

The  reported  production  cost  of  one  ton  of  Estonian  shale  is  2.5  rubles, 
which  is  justification  enough  for  using  it  as  local  fuel  rather  than  re- 
lying on  coal,  uns,  and  oil,  which  have  to  be  delivered  from  other  re- 
gions. The  reported  cost  of  hard  coal  delivered  in  Estonia  is  IK  to  20 

rubles  per  ton.^1  The  reported  cost  of  mining  oil  shale  is  the  same  as 

12 

for  coal,  if  referred  to  the  same  calorific  value.  The  giowth  in  pro- 

ductivity in  the  oil  shale  industry  * an  be  seen  below  in  Table  K-6. 


Table  E-6 

AVERAGE  MONTHLY  PRODUCTIVITY  OF  A WORKER  IN  THE  USSR  OIL 

SHALE  INDUSTRY 
(Metric  Tons) 


Producing  Region 

1950 

1955 

1958 

1965 

1968 

1969 

USSR  - total 

34.8 

55.7 

71.4 

116.8 

128.0 

137.0 

Leningrad  region 

20.8 

17.2 

58 . 5 

89.0 

89.9 

93.0 

Volga  region 

25 . 9 

43.8 

54.8 

66 . 3 

71.6 

78.3 

Estonian  SSR 

11.0 

07.0 

80.6 

133.7 

153.3 

164.6 

Source:  N.  V.  Melnikov,  Mineralnoe  toplivo,  Pub.  "Nedra,"  p.  142  (Moscow 

1971) . 
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lhe  estimated  capital  investment  required  to  expand  production  of 

°i 1 shale  bV  1 ton  W£»s  reported  to  pe  14  rubles  in  1970  13  Thig  would 

imply  that  to  expand  production  to  the  planned  32.7  million  tons  per 
year  by  the  end  ol  1975  would  require  a total  investment  of  118  million 
rubles  for  this  cv  rrent  five-year  plan  (1971-1975). 

The  uniqueness  of  oil  shale  use  in  the  USSR  is  that  it  is  used 
directly  as  fue’  in  the  boilers  of  electric  stations.  Approximately 
two-thirds  of  all  oil  shale  produced  in  the  USSR  in  1970  was  burned  in 
electric  stations.  Table  K-7  shows  the  growth  in  usage  of  oil  shale  in 
electric  stations  of  the  USSR. 


Table  K-7 


I'SK  OF  OIL  SHALE  IN  THE  USSR  AS  FUEL  FOR 
ELECTRIC  STATIONS 

* 

(Million  Tons  per  Year) 


1960 

1965 

1970 

1975  (Plan) 

Total  production 

14.1 

21.2 

24.3 

32.7 

Used  in  electric  stations 

4.7 

10.3 

16.0 

24.4 

Percent  of  total 

3:r, 

49^ 

66'-; 

+ 

75': 

Calculations  based  on  reported  consumption 
Narodnoie  khoziaistvo  SSS"  v 1970  f. . Pub. 
(Moscow  1971);  F.nergctika  SSR  v 1971-1975 
p.  171  (Moscow  1972). 


and  production  data: 
Statistika,"  p.  183 
godakli . Pub.  "Knergta," 


Assuming  all  new  shale  is  to  be  used  in  electric  stations 


15 


The  mined  shale  contains  30  to  40  percent  of  organic  matter,  with 
a heat  of  combustion  averaging  2.150  to  3,600  kilocalories  per  kilogram 
(Kcal  kg).  These  characteristics  make  the  shale  somewhat  analogous  lc» 

1°*  K,’at,es  °f  brOWn  "owe  ve  r,  unlike  coal,  it  contains  ..pproo  i a 1, 1 e 

quantities  of  hydrogen  and  oxygen,  and  on  burning,  causes  formation  of 
compounds  leading  to  equipment  corrosion.  The  high  ash  content,  if 
burned  directly  in  boilers  as  is  done  in  the  USSR,  causes  extreme  wear 
of  equipment  and  high  particulate  emissions.  This  problem  has  apparently 
been  solved  in  the  Soviet  electric  stations  through  lengthy  experimenta- 
tion in  boiler,  dust  collector,  and  filter  design.  At  present  most  of 
the  power  stations  in  Kstonian  SSR  and  some  in  the  Leningrad  region  are 
working  exclusively  on  oil  shale.  The  recently  completed  "pre-Baltic" 
station,  which  has  an  installed  capacity  of  1,624  megawatts  (MlV),  is 
designed  to  burn  shale  with  a calorific  value  of  2,000  Kcal/kg.  Another 

station,  the  "Kstonian,"  designed  for  shale,  is  being  built  now  with  an 
ultimate  capacity  of  1,600  MW. 


Although  the  burning  of  oil  shale  in  electric  stations  is  less  effi- 
cient and  equipment  replacement  is  more  costly  than  in  similar  plants  work- 


ing on  coal,  the  production  costs  of  electricity  are  lower.  It  is  re- 


ported that  the  cost  of  production  at  the  "pre-Baltic”  station  is 
0.0071  rubles  per  kilowatt-hour  (kWh).  This  is  lower  than  for  similar 

regional  stations  working  on  coal  that  has  to  be  delivered  from  other 
regions . 


7,10  bal“nc,!  ol  tte  011  »'“lo  used  ror  production  of  town 

'"Ul  1“|Ui<l  pro<h,ct»-  This  sector  is  unlikely  to  srow  in  the  future 
unless  use  Is  made  of  the  reported  new  methods  developed  for  multiple 
use  of  stale.  In  this  method,  shale  Is  processed  in  a fluidised  bed  at 
hihh  temperature  with  a heat  carrier.  A „iEh  calorific  Kas  Is  produced 
simultaneously  with  liquid  product  and  clinker,  which  Is  usable  in  tbe 
construction  industry.  The  Kas  and  liquid  product,  after  cleanup  and 

16 





in  electric  stations 


re  1-0111(1  1,0  used  ns  relatively  clean  fuel 

as  pet  rot  hemic;,  1 feedstocks.  This  development  is 
ma\  supply  answers  to  use  of  the  oil  shales  in  the 
pears,  however,  that  the  development  is  till  in  a 
stage  and  is  unlikely  to  he  commercialized  in  the 

Processed  shale  from  which  hydrocarbons  lin  ve 
for  production  of  building  materials. 


or 

worth  watching,  as  it 
•’nited  States.  It  ,p- 
highly  experiment  a 1 
near  future. 

been  removed  is  used 


As  already  mentioned,  direct  use  of  shale  as  a fuel  ls  made  difficult 
because  of  the  high  ash  content,  sulfur  content,  and  corrosion  and  scaling 
( . boileis.  A further  difficulty  is  that  the  maximum  capacity  of  power 
Plants  using  Baltic  oil  shales  is  limited  by  the  need  to  control  emissions 
or  pa rticuln tes  sulfur  oxl-les.1'1  I„  n.kliti.m  u,  from  plallls 

(which  may  be  up  to  20  times  the  maximum  permissible  normal— 0.5  mg/ 
milligrams  per  cubic  meters  Sty,  shale  stored  in  stockpiles  is  subject 
to  spontaneous  combustion  and  this  leads  to  further  air  pollution.  Burn- 


ing dumps  . . evolve  into  the  atmosphere  great  amounts  of  smoke  con- 
taining dust  as  well  as  toxic  gases.  . . ’ Attempts  to  control  this  situa- 
tion have  included  changing  dump  practices  and  changing  procedures  to  re- 
duce the  content  of  shale  fines. 


1 1 prat 


Peat  consists  of  partly  decayed  vegetable  matter,  inorganic  materials, 
and  water  in  varying  proportions.  It  is  often  considered  to  represent  an 
initial  stage  in  the  process  of  coal  formation;  under  favorable  geological 
conditions,  peat  may  be  ultimately  transformed  into  coal.  There  is  con- 
siderable variation  in  the  characteristics  of  peat  deposits,  and  especially 
in  t lie  physical  properties  of  the  peat  itself.  Differences  are  relateu  to 
varieties  of  plants  from  which  peat  is  formed;  climate;  water-land  regime; 
and  quantity  of  sediment  deposited  in  the  locality  of  peat  occurrence. 

These  differences  in  peat  character  are  reflected  in  its  quality  and  con- 
sequently in  its  prospective  use. 

All  known  peat  bogs  of  the  USSR  are  post-glacial  in  age,  or  about 
Id, 000  years  old.  Clearly,  the  process  of  alteration  of  vegetable  mat- 
ter has  barely  begun.  Still,  there  are  important  deposits  in  the  USSR 
that  are  used  extensively. 

By  Soviet  standards,  only  bogs  meeting  the  following  criteria  are 
considered  commercial : 

• Thickness  of  at  least  1 meter. 

• Less  than  2 percent  of  peat  volume  comprised  of  undecom- 
posed stumps. 

• At  least  20  percent  decomposition  for  all  vegetal  matter. 

• Less  than  2d  percent  ash. 

• Xon-permaf rost  soil  conditions. 

Estimated  peat  resources  of  the  USSR  are  presented  in  Table  E-8  and 
in  Figure  K-2.  A total  in-place  resource  (A  + B + C , + C^)  of  124  billion 
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T;ible  K-8 


Mu 


ESTIMATED  PEAT 

RESOURCES  of 
(Bill  ion 

THE  USSR 
tons ) 

- JANUARY 

1,  1 !)( 

Republic 

A+B 

C 

1 

C 

2 

Total 

RS  FSR 

7.2 

10.9 

95. 6 

111.7 

Belorussin  SSR 

1.5 

1.9 

2.0 

5.4 

Ukraine  SSR 

0.  1 

0.7 

1.2 

2.3 

Estonian  SSR 

0.1 

0.7 

1.1 

1.9 

Latvian  SSR 

0 . 3 

0.  9 

0.4 

1.6 

Lithuanian  SSR 

0.2 

0.1 

0.4 

1.0 

Others 

0.05 

0.  05 

_ 

0.1 

Tot  a 1 

9.75 

15.55 

98.  7 

124 . 0 

Source:  "Energy  Resources  of  tlie  USSR." 


tons  is  estimated  to  be  present.  Almost  nil  of  this 
the  Russian  Soviet  Federated  Socialist  Republic  (the 
tive  subdivision);  Table  F-9  presents  a more  detailed 
mated  resources  lor  the  RSFSR. 


resource  occurs  in 
largest  administra- 
breakdown  of  esti- 


A It hough  the  total  resources  are  quite  large,  the  estimated  recover- 
able reserves  are  more  modest.  Assuming  that  the  A + B categories  re- 
ported by  Soviet  sources  are  roughly  equivalent  to  recoverable  reserves, 
only  about  8 percent  of  the  total  pent  deposits  of  the  USSR  may  be  ex- 
pected to  support  development.  The  predominant  peat  developments  of  the 
past  have  been  in  the  European  part  of  the  USSR,  and  this  pattern  is  likely 
to  persist  in  the  future.  The  largest  proved  reserves  are  in  the  Lenin- 
grad region,  closely  followed  by  the  Moscow  region.  Other  important  de- 
posits occur  at  Upper  Volga,  Middle  Urals,  and  the  Volga-Viatskiy  regions. 
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present  consolidated  Into  19  regions  for  all  of  USSR 


Pont  Iron,  these  deposits  is  used  locally  to  supplement  fuel  supplies 
home  hentlnK  and  other  domestic  purposes.  Peat  production  for  fuel 
'rout  I-1 1()  to  1970  is  presented  in  Table  K-10. 


Table  i:~10 

SUMMARY  OK  PKAT  PRODUCTION  IN  Till; 
I SSR  FOR  FUK I,  USE  ONLY 
(Thousand  Metric  Tons) 


Yea  r 

Tot  a 1 

(thousand  metric  tons) 

19-10 

53.2 

1 91 5 

22 . 1 

1950 

36.0 

1955 

50.  8 

19(50 

53 . 6 

1965 

n . a . 

1970 

57.3 

n.a.  - not  available. 
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If  I G MOTH ERMA L RESOURCES 

A . I ill  roduct  ion 

Geothermal  resources  may  he  considered  as  being  the  natural  heat  of 
the  earth;  the  energy  that  may  be  extracted  from  such  natural  heat;  and 
all  minerals  or  other  products  obtained  from  naturally  heated  fluids, 
hut  excluding  oil,  hydrocarbon  gas,  or  other  hydrocarbon  substances. 

In  a technical  sense,  geothermal  resources  are  porous  rocks  containing 
water  (or  steam)  at  elevated  temperatures.  The  heat  energy  stored  in 
these  rocks  may  be  conveyed  to  the  surface  by  extraction  of  the  associ- 
ated fluids.  Thus,  there  are  two  basic  component  to  a geothermal 
system:  (a)  a source  of  heat  (high  regional  heat  flow,  or  local  igneous 

intrusion,  or  high  temperatures  and  pressures  in  thick  sedimentary  de- 
posits), and  (b)  circulating  water. 


Geo  thermal  resources  represent  an  emerging  source  of  energy  that 
may  in  the  future  contribute  to  overall  energy  supplies.  For  the  most 
part,  however,  such  contributions  are  likely  to  br  relatively  small  in 

comparison  to  the  more  conventional  fuels,  at  least  for  the  foreseeable 
l u tu  re . 


Rocks  constituting  geothermal  reservoirs  may  be  practically  of  any 
age  or  type  so  long  as  they  are  relatively  porous  and  permeable  (or 
sufficiently  brittle  to  sustain  open  fractures  at  elevated  temperatures). 
Four  types  of  geothermal  resources  have  been  recognized;15 

1.  Normal  geothermal  gradient  and  heat  flow,  such  as  occur  on 

continental  masses  and  in  most  ocean  basins.  The  geopressured 
resources  of  thick,  recent  sedimentary  accumulations  are  of 
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this  type.  The  apparent  resources  of  the  Western  Siberian 
basin  would  be  an  example. 

“•  Higher  than  normal  geothermal  gradient  and  conductive  heal 

flow,  such  as  along  the  world  rift  zone.  The  geothermal  fields 
of  Iceland  would  exemplify  this  type,  as  would  those  of  the 
Transcaucasus. 

3.  Hot  spring  areas  with  convective  transfer  of  most  of  the  total 
heat  llow  in  shallow  depths  by  circulating  water  and  dry  steam. 
Some  thermal  springs  of  the  circum-Pacif ic  region  and  the  Kam- 
chatka, ISSli,  area  would  be  examples  of  this  type. 

•1.  Composite  hydrothermal  systems  with  both  convective  and  con- 
ductive heat  transfer,  representing  a combination  of  (or  inter- 
mediate stage  between)  types  3 and  A , emphasizing  hot  water. 

Heat  llow  to  the  surface  is  appreciably  lower  from  these 
systems  than  from  hot  springs.  The  thermal  springs  of  Czecho- 
slovak.a,  Poland,  and  Bulgaria  appear  to  be  examples  of  this 
type . 


Although  the  thermal  waters  of  Europe  have  long  been  employed  for 
recreational  or  medicinal  purposes,  only  recently  has  attention  been 
directed  toward  their  possible  use  as  a source  of  energy.  In  view  of 
Hus  fact,  much  basic  data  on  the  ..sources  need  to  be  re-evaluated  (and 

m:U,V  C;,SOS’  :UM"",V,,)  acluev.  an  understand  u.g  of  the  actual 

energy  potential  from  this  prospective  source.  Thus,  it  is  probably 
premature  to  attempt  to  prepare  a comprehensive,  detailed  assessment  of 
geothermal  energy  potentials,  especially  for  Eastern  Europe.  However, 
there  is  sufficient  information  on  hand  to  establish  the  likely  framework 
in  which  further  work  will  be  performed.  This  practice  is  regarded  as 


justifiable  because  it  serves  to-  place  some  limits  on  the  likely  loca- 
tions.and  dimensions  of  geothermal  resources  as  an  energy  source. 


■1 1 


j 


Accordingly , tlic  remainder  of  this  section  will  serve  to  describe 
geothermal  situation  in  the  USSR  and  the  COMECON  countries  as  it 
from  present  information. 

B.  Geothermal  Resources  of  the  USSR 


!' 

t 

1.  Considerations  of  Geothermal  Potential 


There  have  been  a number  of  recent  studies  of  geothermal  phe- 
nomena and  resources  in  the  USSR.  Several  have  been  compiled  into  a 

1G 

useful  bibliography.  More  recent  works  are  given  in  the  references 
cited,  and  listed  at  the  end  of  this  report.  Examples  are  references 
17,  18,  and  19,  the  latter  being  a recent  review  of  the  characteristics 
of  Soviet  geothermal  resources  and  their  projected  development.  Table 
E-ll  presents  some  of  these  data. 

Considerable  activity  in  geothermal  exploration  is  underway  in 
Dagestan,  Cheehon-I ngush  SSR,  Georgian  SSR,  Kabard ino-Balkar , northern 
Osetya,  Stavropol,  Krasnodarskiy  Kray,  Kazakhstan,  Kamchatka,  Caucasus, 
Kuriles,  and  Sakhalin.  It  lias  been  estimated  that  the  geothermal  re- 
sources of  the  USSR  have  a daily  capacity  of  22  million  cubic  meters  of 
hot  water  and  130,000  tons  of  steam.  This  is  equivalent  to  40  million 
tons  of  standard  conventional  fuels.  The  1975  plan  is  to  produce  about 
15  million  cubic  meters  of  hot  water  and  170,000  tons  of  steam.19  Of 
tlic  total,  the  geothermal  resources  at  depths  of  1,000  to  3,500  meters 
at  temperatures  between  50  c and  130  c have  an  estimated  output  of  about 
8 million  cubic  meters  daily;  nearly  three-quarters  of  these  resources 
are  at  shallow  depths  (1,030  to  1,500  meters). 


I 


Soviet  sources  state  that  the  heat  capacity  of  currently  de- 
veloped geothermal  resources  are  in  the  range  from  130  Kcal/kg  to  170 
Keal  kg;  for  purposes  of  this  analysis,  an  average  value  of  150  Keal/kg 
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Table 


is  used.  The  heating  value  of  a ton  of  standard  coal  equivalent  is 
7,000  Kcal/kg;  therefore,  the  unit  heat  capacity  of  geothermal  resources 
is  only  about  two-hundredths  of  that  of  coal. 

At  present,  there  arc  11  geothermal  facilities  in  operation  in 

9 * 

the  USSR,  with  a total  amount  of  consumed  heat  at  1,400  V 10  Keal/year. 
The  efficiency  of  conversion  of  geothermal  energy  into  electricity  or 
some  other  usable  form  is  not  great,  usually  of  the  order  of  10  to  15 

t 

percent  of  the  total  amount  of  consumed  heat.  Therefore,  the  total 

9 

amount  of  usable  cn  rgy  would  be  of  the  order  of  about  110  > 10  Keal/ 
year.  To  allow  comparison  with  other  energy  forms  considered  in  this 
study,  this  amount  of  usable  heat  may  be  compared  with  the  heating  value 
of  standard  fuel  or  coal  equivalent.  A kilogram  of  standard  coal  is 
taken  in  this  report  to  represent  7,000  Kcal,  a ton  of  standard  fuel  is 
therefore  7 million  Kcal.  The  usable  geothermal  heat  is  thus  equivalent 
to  the  standard  fuel  as  follows: 


140x10 


9 


Kcal 

year 


ton 


6 


7x10 


Kcal 


3 

20X10 


ton 

year 


This  result  suggests  that  the  existing  geothermal  facilities  of  the  USSR 
are  not  of  exceptional  importance  to  its  overall  energy  balance.  A 
greatly  improved  efficiency  of  heat  extraction  would  lie  required  to  in- 
crease the  amount  of  equivalent  fuel  significantly.  Although  Soviet 


From  reference  19.  Original  values  were  given  as  200  Geal/hr. 

These  were  converted  to  annual  values  assuming  7,000  hours  of  annual 
operat ion. 

See,  for  example,  P.  Kruger  and  C.  Otte,  "Geothermal  Energy,"  Stanford 
University  Press,  1973. 
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represent  an  equivalent  t>r 


sources  indicate  that  geothermal  resources 

125,000  Lons  of  conventional  fuel,  this  figure  is  regarded  as 
tieally  high;  it  would  imply  a thermal  conversi 
00  percent , which  does  not  appear 
of  geothermal  systems. 


’ nnia  a 1 i s- 
0,1  v ITiciency  of  roughly 
consistent  with  the  state  of  the  art 


-pocts  for  Use  of  Geothermal  Resources  in  the  USSR 


T"°  USSR  1,1,8  "COeniZ0<l  «»  Potentials  of  geothermal  re- 


vn  - ^ 

sources  for  some  time.  In  1964,  the  Soviet  Academy  of  Sciences  esti- 


mated that  at  least  91  million  barrels  per  day  of  hot  water  and  steam 


(ranging  in  temperature  from  130  F to  356° F)  could  ultimately  be  pro- 


duced. Attention  to  the  possible  use  of  geothermal  resourcos  has  in- 


creased in  recent  years,  and  a number  of  individual  sites  have  been 
18 


invostisatc.  f:,e  prospective  uses  of  these  resources  vary  fro.  space 
heating,  spas,  agricultural  purposes,  an d power  generation. 


Figure  E-3,  a map  prepared  l,y  tile  Soviet  Academy  of  Sciences, 

shows  areas  regarded  as  uresl.li.g  for  thermal  water  utilisation.  This 
map  deserves  comment: 


Areas  shown  as  "promising  for  thermal  water  prospecting”  cover 
a wide  range  of  geological  characteristics.  In  view  of  the 
relatively  low  heat  flow  and  geothermal  gradients,  it  docs  not 
scorn  likely  that  the  northwest  area  adjacent  to  Finland  would 
have  much  promise,  and  it  might  be  found  that  the  Urals  may  not 
be  exceptionally  favorable.  The  most  promising  areas  appear  to 
lie  in  the  remote  regions  along  the  southern  border  and  in  the 
basins  of  the  European  platform. 


Cited  in  reference  19. 
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PROSPECTIVE  USE  OF  THERMAL  WATER  IN  THE  USSR 


• Areas  shown  as  having  local  discharges  of  thermal  water  are 
found  in  the  Transcaucasus,  where  exploration  and  development 
are  being  undertaken.  Other  areas  in  this  category  are  in 
rugged  and  remote  regions  of  the  southern  mountains,  and  are 
unlikely  to  experience  development  in  the  near  future. 

• Areas  of  recent  volcanic  activity  are  limited  to  the  Kamchatka 
Peninsiua,  where  efforts  to  develop  geothermal  steam  for  elec- 
tric energy  generation  are  in  progress. 

• Areas  of  thermal  waters  suitable  for  heat  supplies  are  found  in 
the  Ukraine,  Kazakhstan,  and  the  Western  Siberian  Basin.  These 
resources  seem  to  be  of  the  geopressured  type,  although  they 
are  quite  imperfectly  known  at  present  and  are  essentially 
undeveloped . 

The  amounts  of  thermal  water  "reserves"  of  the  USSR  are  given  in 
Table  E-12.  More  than  half  the  total  occurs  in  the  western  Siberian 
Basin.  As  noted  elsewhere  in  this  report,  the  western  Siberian  Basin 
has  important  resources  of  oil,  gas,  and  coal  as  well  as  geothermal 
waters.  The  fact  that  such  a variety  of  energy  resources  are  located 
together  in  this  area  suggests  that  there  may  be  a genetic  relationship 
among  them.  The  hydrocarbon  resources  represent  each  physical  state 
(solid,  liquid,  and  gas),  and  each  is  believed  to  require  the  appli- 
cation of  heat  in  arriving  at  their  common  states.  Further,  each  has 
experienced  a common  geological  regime.  It  is  intriguing  to  speculate 
that  the  individual  fossil  fuels  may  represent  products  of  parts  of  the 
same  general  process,  and  that  this  process  was  intimately  involved  with 
the  geothermal  resources  occurring  in  the  area.  However,  this  possi- 
bility requires  further  research. 
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THERMAL  WATER  RESERVES  IN  THE  USSR 
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The  Kamchatka  Peninaula  and  the  Kuriles  Islands,  in  contrast  to  the  rest  of  the  country, 
are  in  the  zone  of  contemporary  volcanic  activity  where  in  iaolated  areas  and  at  shallow 
depths  the  thermal  waters  have  the  temperature  ranging  from  80  to  200  C and  above. 

Source:  Tichonov,  et  al. 


a.  European  Area 


The  European  area  of  the  USSR  is  characterized  primarily 

by  relatively  low  temperatures  at  1 kilometer  depth,  with  large  areas 

o o 

of  the  great  plain  being  from  10  C to  30  C . These  lower  temperature 
regions  extend  from  the  Polish  border  to  the  Urals  over  the  northern 
two-thirds  of  the  European  part  of  the  country.  This  large  region  lacks 
apparent  surface  geothermal  manifestations  such  as  thermal  springs,  and 
the  potentials  for  development  do  not  appear  promising,  with  the  possible 
exception  of  the  suspected  presence  of  geopressured  resources  in  this 
area. 


The  southern  third  of  European  USSR  is  a different  geo- 
thermal situation.  Temperatures  at  1 kilometer  depth  in  this  region  are 

o 

everywhere  greater  than  30  C.  There  are  extensive  areas  where  the  tem- 
peratures are  greater  than  40°C ; these  are  narrow,  east-west  zones  along 
the  northern  part  of  the  Black  Sea,  traversing  the  Caucasus  and  broaden- 
ing into  substantial  areas  east  of  the  Caspian  Sea.  Smaller  (but  still 
substantial)  areas  have  temperatures  greater  than  50°c  ; these  occur 
within  the  general  zone  of  higher  temperatures.  It  is  probably  signifi- 
cant that  so  many  of  the  thermal  springs  noted  in  Figure  E-3  occur  in 
this  general  region  of  greater  temperature  at  1 kilometer  depth,  imply- 
ing that  there  is  a genetic  relationship.  The  geothermal  resources  of 
this  region  would  therefore  appear  to  be  largely  of  the  hot  water/dry 
steam  types  associated  with  the  intensive  tectonic  activity  of  the  area 
that  continues  to  the  present  day.  This  assumption  does  not  preclude 
the  possible  occurrence  of  geopressured  resources  in  this  area,  but  does 
suggest  that  their  occurrence  may  be  less  widespread  than  the  other 
types. 

There  are  many  thermal  springs  in  the  general  region  of 
the  oilfields  of  the  Caucasus.  Indeed,  the  subsurface  thermal 
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characteristics  have  been  used  to  guide  the  search  for  oil  in  this 
21 

area.  It  was  found  that  geoisotherms  clearly  define  the  main  anti- 
clinal folds  that  are  the  producing  structures,  and  thus  can  be  used  in 
exploring  for  buried  structures  that  may  not  be  apparent  from  other 
information. 


Important  hot  water  deposits  of  Krasnodar,  Stavropol,  and 
Mahaehkala  of  the  Caucasus  occur  in  porous  sediments.  These  sediments 
are  situated  over  the  areas  of  highest  1 kilometer  temperatures  (>50°c) . 

b.  Eastern  Regions 

The  regions  of  the  USSR  east  of  the  Urals  display  a dif- 

22 

ferent  geothermal  regime  than  the  European  seetor.  in  the  European 
region,  the  temperature  at  1 kilometer  depth  inereases  southward.  Most 
of  the  region  is  characterized  by  low  temperatures  (less  than  30°C) . 

In  the  Black  Sea  area  and  in  the  Caucasus,  temperatures  are  mainly  be- 

o o 0 

tween  30  and  50  C,  with  a few  smaller  regions  reaching  up  to  100  C. 

(See  Figure  E-3.) 

Most  of  the  western  Siberian  Basin  has  temperatures  at 
1 kilometer  that  are  between  30  and  50  C,  generally  similar  to  the 
temperatures  of  the  Transcaucasus  region  but  in  marked  contrast  to 
those  in  most  of  European  USSR,  The  Ural  mountains  represent  a sharp 
demarcation  between  these  temperature  regions.  Higher  temperatures  at 

1 kilometer  depths  in  the  western  Siberian  Basin  are  also  evident  at 

2 kilometer  depths,  concentrated  in  the  same  areas.  It  is  potentially 
significant  that  the  area  of  western  Siberia  where  high  temperatures 
are  found  at  1 kilometer  depth  coincides  with  the  area  of  sizable  de- 
posits of  oil  and  gas. 

Little  is  known  about  the  temperature  regime  at  depths  of 
several  kilometers  in  much  of  central  Asia  or  the  far  eastern  regions  of 
Siberia. 
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3.  Gcothcrmnl  Production  and  Use 


At  present,  11  geothermal  facilities  are  in  operation  in  the 
USSR.  Data  on  these  facilities  arc  currently  incomplete  but  important 
characteristics  of  selected  geothermal  facilities  are  shown  in  Tables 

E-13  and  E-14. 

Apart  from  generating  electricity,  geothermal  energy  is  used 
in  several  other  areas  of  the  Soviet  economy.  These  are  in  four  main 
areas:  domestic  and  industrial  applications,  agriculture,  medical  and 

health  applications,  and  geothermal  byproducts. 

a.  Domestic  and  Industrial  Applications 

Domestic  and  industrial  applications  of  geothermal  energy 
include  heating,  hot  water  supply,  permafrost  (mining  and  construction), 
refrigeration  and  air  conditioning,  and  swimming  pools  and  baths. 

• Heating  is  the  largest  domestic  use  of  geothermal  energy 
in  the  USSR.  Low  temperature  waters  from  thermal  springs 
or  drill  holes  represent  an  annual  saving  of  at  least  15 
million  tons  of  standard  conventional  fuels,  and  increased 
use  of  geothermal  resources  is  projected  for  the  future. 

It  has  been  estimated,  for  example,  that  the  total  geo- 
thermal heat  value  is  comparable  to  the  total  coal,  oil, 
and  peat  resources  of  the  country.  This,  however,  is  apart 
from  geothermal  resources  used  in  electricity  generation  as 
described  above. 

• Hot  water  supply  from  geothermal  sources  is  extensively 
used  for  domestic  and  industrial  purposes.  Many  hot  water 
supply  systems  are  constructed  to  function  also  as  heating 
systems. 
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Table  E-13 


CHARACTERISTICS  OF  REPRESENTATIVE  CURRENTLY 
OPERATING  GEOTHERMAL  STATIONS  IN  THE  USSR 


Paratunka 

Pauzhetka 

Installed  Capacity  (Mvv) 

0.75 

5* 

20  f 

Number  of  wells 

8 

22 

Temperature  (°C) 

82 

170 

Surface  pressure  (atm.) 

n.a. 

2 . 2-6 , 7 

Geothermal  water  consumptior 

289 

n . , 

(cubic  meters) 

Well  depth  (meters) 

302-604 

100-400 

Heat  capacity 

( kilocalorie s/kilogram) 

n.a. 

170 

n.a.  not  available. 

* „ 

Present . 

t 

Proj  ec  ted . 
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• Possible  use  of  geothermal  resources  to  melt  permafrost 
and  facilitate  mining  and  mineral  recovery  is  projected; 
however,  these  uses  have  yet  to  be  achieved. 

• Geothermal  waters  may  also  be  used  for  refrigeration  and 
air  conditioning,  as  a further  part  of  an  overall  heating/ 
water  supply  system. 

• Outdoor  swimming  pools  are  heated  by  geothermal  waters, 
either  directly  or  as  the  outflow  from  a generating  plant 
or  heating  system. 

b.  Agricultural  Applications 

Agriculture)!  applications  of  geothermal  energy  are  pri- 
marily for  ho t house  cultivation  ef  vegetables  and  other  plants.  Several 
geothermally  heated  hot  houses  have  been  developed  in  Siberia  and  the 
Far  East. 


c.  Medical  and  Health  Applications 

Medical  and  health  applications  of  geothermal  waters  are 
common  at  numerous  spas  and  sanatoriums,  so  as  to  take  advantage  of  the 
reputed  healing  influence  of  mineralized  waters. 

d.  Geothermal  byproducts 

Geothermal  byproducts  include  recovered  salts  extracted 


as  a result  of  processing  for  other  uses,  principally  power  generation. 


Geothermal  Resources  of  CttEA  Countries 


C . 


1. . Summary 

Figure  E— 1 shows  regional  geothermal  data  for  Eastern  Europe, 

23 

in  the  Conn  of  a map  of  isotherms  at  1 kilometer  depth.  The  map  shows 
that  most  of  the  area  from  the  borders  with  Western  Europe  to  the  Urals 
(the  great  plains  and  lowlands  regions)  is  characterized  by  modest  geo- 
thermal conditions  of  between  20  C and  30  C at  this  depth.  These  con- 
ditions are  consistent  with  the  relatively  undisturbed  character  of  the 
sediments  and  the  absence  of  intrusive  activity  in  this  region.  Owing 
to  the  low  temperatures,  it  seems  unlikely  that  geothermal  resouices  of 
the  more  familiar  types  will  be  present  in  this  region.  However,  the 
possibility  that  geopressured  resources  may  exist  needs  to  be  examined 
through  further  work. 

The  uplands  that  extend  through  the  German  Democratic  Republic, 
southern  Poland,  northeastern  Czechoslovakia,  and  into  Romania  and  Bul- 
garia arc  characterized  by  1 kilometer  temperatures  of  30'  C to  about 
50  C.  T1  is  zone  also  extends  along  the  northern  border  of  the  Black  Sea 
and  through  the  Caucasus  into  Kazakhstan  and  Central  Asia.  The  Donets 
Basin  and  Volga-Urals  provinces  are  northerly  offshoots  to  the  main  trend. 
The  area  where  these  higher  temperatures  occur  is  noted,  in  Eastern 
Europe  at  least,  for  the  occurrence  of  numerous  thermal  springs  and  other 
surface  geothermal  manifestations.  Thermal  springs  also  occur  along 
this  same  trend  in  the  USSR  and  the  Caucasus,  but  these  have  been  less 
developed  for  recreational  and  medicinal  purposes  than  the  springs  fur- 
ther to  the  west. 

Localized  regions  where  the  1 kilometer  temperature  is  greater 
than  50° C are  found  in  the  German  Democratic  Republic,  Hungary,  along  the 
Caucasus  trend,  and  in  the  Aral  Sea  region.  These  geothermal  highs  arc 
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clearly  associated  with  recent  tectonic  activity.  It  is  perhaps  signifi- 
t'unt  that  geothermal  highs  coincide  with  structural  lows  (the  Hungarian 
Basin,  the  Aral  Sea  Basin,  the  local  Basins  of  the  Transcaucusus,  and  the 
western  Bulgarian  basin).  These  temperature-structural  relationships 
need  to  be  investigated  in  greater  detail. 

2 . Geothermal  Resources  of  Bulgaria 

Located  in  a region  of  relatively  high  geothermal  anomalies 
(Figure  E-l,  generally  30PC  to  50° C or  greater  at  1 kilometer  depth), 
Bulgaria  appears  to  be  favorably  situated  for  geothermal  resources. 
However,  as  Figure  E-l  shows,  data  are  lacking  for  the  southern  half  of 
the  country.  Unfortunately,  this  is  the  region  where  most  of  the  ther- 
mal springs  of  Bulgaria  occur  and  where  additional  data  are  obviously 
required.  There  is  insufficient  information  at  present  with  which  to 
evaluate  the  energy  potential  for  these  resources. 

The  U.S.  Geological  Survey  reported  on  some  97  thermal  springs 
in  Bulgaria  as  of  19G5.  Those  springs  included  those  with  a wide  range 
of  surface  temperature;  the  lowest  temperature  was  reported  as  56°  F, 
with  the  highest  being  187  F.  More  commonly,  water  temperatures  were 
in  the  somewhat  narrower  range  from  about  75° F to  120°  F. 

In  view  of  the  relatively  low  temperatures  and  the  sparse 
technical  data  about  the  deposits,  it  does  not  seem  likely  that  geo- 
thermal resources  would  represent  an  important  factor  in  the  Bulgarian 
energy  scene  in  the  coming  years. 

3 . Geothermal  Resources  of  Czechoslovakia 

Czechoslovakia  occurs  in  a region  of  recent  intense  folding 
and  tectonic  activity.  Figure  E-l  shows  that  the  temperatures  at  1 
kilometer  depth  are  usually  greater  than  30°C  (with  the  exception  of  a 
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narrow  cast -west  none  through  the  center  of  the  country) . Highest 
temperatures  are  found  in  the  southeast  (greater  than  50°C),  and,  to  a 
lesser  extent,  in  the  north  central  and  northwest  parts  of  the  country 
(30°C  to  10°C). 

Terrestrial  heat  flow  measurements  were  made  in  Czechoslovakia 

24 

beginning  in  1964,  using  specially  drilled  bore  holes.  The  overage 

heat  flow  is  1.70  y.cal/cm2sec , higher  than  the  mean  world  value  of  1.58 
p,cal/cm2sec,  but  in  good  agreement  with  the  average  value  for  central 
Europe  (1.67  g.cal/cm2sec)  . Geologically  older  units  have  lower  heat 
flow  values  than  younger  formations.  This  means,  generally,  that  heat 
flow  values  will  increase  from  west  to  east  in  Czechoslovakia.  For  ex- 
ample, the  older  Bohemian  Massif  in  the  west  has  an  average  heat  flow  of 
1.61  p.cal/cm2sec  while  the  younger  Carpathians  in  the  east  have  an  aver- 
age heat  flow  of  2.13  p.cal/cm2sec . The  geothermal  field  in  the  Ostrava- 
Karvina  coal  basin  has  an  average  heat  flow  of  1.81  p,cal/cm“sec . These 
data  are  consistent  with  surface  geothermal  manifestations  in  thermal 
and  mineral  springs,  as  they  suggest  greatest  potential  in  the  eastern 
and  western  limits  of  the  country,  with  little  apparent  potential  recog- 
nized in  the  center. 

Czechoslovakia  has  many  thermal  and  mineral  springs,  and  at 
least  1,600  sites  have  been  recognized,  with  others  likely  to  be  identi- 
fied through  further  investigation.  Mineral  waters  in  Czechoslovakia 
refer  to  "ground  water  which  exceeds  in  value  one  of  the  following 
criteria : 

1 g/JL  dissolved  solids 
1 g /l  dissolved  C02 
1 mg /l  H2S 

1 mg /i  titrated  siPfur. 
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or  5 mg/Z  I 

10  m g/Z  Fc 
0.7  mg/ Z As 

or  higher  conccntrat ions  of 

F-,  2n'“,  hi+,  Sr+,  etc. 

Thermal  waters  arc  waters  with  the  temperature  above  ?5  C (until  recently 
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the  boundary  was  20  C)." 

In  Czechoslovakia,  mineral  waters  recognized  as  having  medici- 
nal properties  arc  protected  by  law.  Thermal  waters  arc  not  yet  applied 
' - the  generation  of  power;  also,  there  are  fewer  thermal  springs  than 
mineral  springs. 

The  hydrogeology  of  Western  and  Eastern  Czechoslovakia  is  im- 
portant in  the  context  of  geothermal  resources.  In  the  west  (Bohemian 
Massif),  ground  water  is  stored  principally  in  thick  and  extensive  layers 
of  pervious  sandstones.  The  deeper  aquifers  are  confined,  and  are  marked 
by  a series  of  artesian  springs.  In  the  east  (Carpathian  mountain  re- 
gion), a greater  variety  of  hydrologic  zones  is  present.  The  variety  is 
attributed  to  the  stratigraphic  and  structural  relationships  of  the  area. 
The  most  important  hydrologic  zone  is  in  the  sediments  occurring  in  the 
central  part  of  Slovakia,  where  tectonic  structure  plays  an  important 
role  in  determining  water  circulation  patterns. 

The  thermal  springs  are  located  relatively  coincident  with 
regions  of  high  temperatures  at  1 kilometer  depth  or  high  geothermal 
gradient,  or  both.  This  suggests  that  the  thermal  springs  arc  related 
to  a more  deep-seated  phenomenon  and  therefore  may  represent  potential 
sources  of  energy. 

Most  thermal  springs  in  Czechoslovakia  arc  rather  tepid  ; the 

U.S.  Geological  Survey  in  1965  reported  the  highest  temperature  thermal 
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spring  in  Czechoslovakia  to  be  only  about  72  F.  More  recent  Czech 
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data  indicate  that  there  are  several  springs  having  temperatures  of 
more  than  45lC  (99  F) . Hotter  springs  are  concentrated  in  the  eastern 
part  of  the  country,  in  the  general  area  of  greater  temperatures  at  ] 
kilometer  depth.  This  is  still  rather  discouraging  in  terms  of  potential 
geothermal  resource  development.  It  is  possible,  however,  that  further 
exploration  or  drilling  may  discover  waters  of  higher  temperature  at 
greater  depth;  this  oossibility,  however,  remains  unproven  and  the  poten- 
tial use  of  geothermal  resources  in  Czechoslovakia  must  be  regarded  as 
speculat ive . 

4 • Geothermal  Resources  of  the  German  Democratic  Republic 

The  German  Democratic  Republic  occurs  in  a region  where  tempera- 
tures at  1 kilometer  depth  are  generally  between  30°C  and  40PC  (see  Fig- 
ure E-4).  Highest  temperatures  (40°C  to  50°C)  are  found  in  the  northern 

two-thirds  of  the  country,  where  no  known  thermal  springs  were  noted  by 
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the  U.S.  Geological  Survey.  This  is  a region  where  relatively  thick 
sedimentary  strata  occur,  and  it  is  conceivable  that  the  higher  tempera- 
tures may  represent  the  presence  of  geopressured  zones  that  may  ulti- 
mately become  developed. 

A few  thermal  springs  occur  in  the  southernmost  part  of  the 
GDR,  near  the  Czech  border.  These  are  in  a region  of  recent  tectonic 
disturbance,  as  are  those  across  the  front icr  in  Czechoslovakia.  How- 
ever, these  springs  are  only  20°C  to  31°C  and  their  likelihood  as  a 
potential  power  source  appears  to  be  slight. 

Temperatures  at  0.5  and  1 kilometer  depths  in  the  German  Demo- 
cratic Republic  are  shown  in  Figure  E-5.  These  temperatures  are  rela- 
tively modest  (mostly  around  30°C)  and  hence,  important  geothermal 
potentials  appear  unlikely  in  the  GDR. 
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Geothermal  Resources  of  Hungary 


5. 

Hungary  has  the  highest  temperatures  at  1 kilometer  depth  of 
all  the  eon n tries  of  Knstern  Kurope  (see  Figure  K — 1) . Ail  Lempern tu res 
reported  are  greater  than  5()PC,  ranging  up  to  75nC  ir  the  south  central 
part  of  the  country. 

The  Hungarian  basin  is  part  of  the  Alpine  tectonic  system;  it 
lias  a maximum  depth  of  5 kilometers  below  sea  level  and  an  average  depth 
of  about  2 kilometers.  Very  high  heat  flow  measurements  have  been  re- 
corded in  Hungary,  ranging  from  a high  of  3.035  pcal/cm2sec  to  more 
"moderate"  values  of  1.9  to  2.0  ucal/cm“sec . Many  other  beat  flow 

measurements  occur  in  the  average  magnitude  of  about  2.4  to  2.6  peal/ 
o 

cm“sec.  The  average  value  of  the  geothermal  gradient  in  lungary  is 
54 . 2°C  per  kilometer,  but  over  large  areas  it  is  more  than  70°C  per 
kilometer.  The  highest  measured  temperature  gradient  is  225°C  per  kilo- 
meter at  Lakitelek,  more  than  four  times  the  average  value.  The  Lnki- 
telek  area  appears  to  be  generally  similar  to  Larderello,  Italy,  where 
electricity  has  been  produced  Trom  geothermal  resources  for  many  years. 
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It  was  estimated  that  20,000  square  kilometers  of  rocks 
having  porosity  greater  than  10  percent  occur  in  Hungary.  More  than 
1,000  cubic  kilometers  of  hot  water  at  60°C  to  200°C  occurs  at  less 
than  1 kilometer  depth,  making  those  resources  attractive  targets  for 
development . 

It  was  found  that  higher  geothermal  gradients  than  average 

(>70  C /kilometer)  occur  at  places  where  the  depth  to  basement  is  shallow, 

while  lower  gradients  (<45PC /kilometer)  are  found  where  the  sediments 
28 

are  thickest.  Apparently,  the  thicker  sedimentary  sequence  blankets 
the  deeper  heat  sources  and  lowers  their  surface  heat  flow. 
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The  geological  aspects  of"  geothermal  waters  in  Hungary  were 
29 

examined  l>y  Korim.  No  active  volcanic  bells  or  apparent  nenr-sur l‘ac< 
igneous  activity  was  noted,  bottomhole  temperatures  at  2.3  to  4.3  kilo- 
meters are  in  the  range  of  lSO^C  to  250° C ; however,  those  deeper  forma- 
tions do  not  appear  to  ho  related  to  the  surface  water  occurrences. 

Geophysical  data  indicate  that  the  earth's  crust  is  24-26 
kilometers  thick  under  Hungary;  this  is  8-10  kilometers  thinner  than  the 
average  for  Europe.  The  geothermal  anomalies  arc  thus  attributed  to 
processes  taking  place  within  the  upper  mantle,  which  in  turn  influence 
the  hvdiogcolegy  of  nearer— surface  rocks  and  their  structures. 

Two  basic  geological  units  are  regionally  important  as  surface 
thermal  water  occurrences:  the  Mesozoic  carbonate  basement  rocks  and 

the  Cenozoie  clastic  sediments.  These  units  appear  to  occur  in  separate 
parts  of  the  country;  basement  rocks  occur  in  a northeast  trending  belt 
through  the  center  of  the  country,  while  the  sediments  occur  in  the  ex- 
treme northwest  and  southeast.  About  20  percent  of  the  total  thermal 
wells  occur  in  the  older  rocks,  where  the  water  storage  and  yield  are 
largely  controlled  by  fractures.  Thus,  the  reservoirs  in  this  unit  are 
of  variable  character  and  arc  ill-defined  ns  to  capacity. 

The  remaining  thermal  waters  occur  in  the  more  recent  sedi- 
mentary deposits,  largely  alternating  sand,  sandstone,  and  clays  in 
individual  beds  from  5—25  meters  thick,  which  occur  as  multi— unit  reser- 
ve ii  systems.  The  most  favorable  area  is  in  southeast  Hungary,  where 
an  aquifer  occurs  at  800  to  2,400  meters  depth. 

Highest  heat  flow  values  are  found  in  the  southcentral  part 
of  the  country,  diminishing  toward  the  northwest  and  northeast.  These 
data  indicate  that  Hungary  is  an  "island"  of  high  geothermal  values 
surrounded  by  areas  that  are  relatively  "normal"  from  the  thermal 
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standpoint.  Accordingly,  a more  detailed  discussion  of  Hungarian  geo- 
thermal characteristics  is  presented. 

1'he  Hungarian  Basin  has  several  hydrologic  systems  of  important 
to  geothermal  resources;  these  will  be  described  briefly  from  t he  oldest 
to  the  youngest. 

• The  deepest  (oldest)  system  is  made  up  of  fractured  Paleo- 
zoic and  Mesozoic  sediments.  Limestones  comprise  much  of 
the  sequence,  and  contain  large  amounts  of  water  in  karst 
topography.  These  can  represent  important  sources  of 
heated  water,  although  t lie  reservoirs  are  located  only  with 
d i f f icuity. 

• The  basal  conglomerates,  lying  on  the  basement  rocks,  also 
may  represent  additional  sources  of  heated  water. 

• High  porosity  sandstones  of  high  permeability  deposited  in 
lower  Pliocene  times  are  the  most  extensive  and  important 
formation  from  the  standpoir  of  geothermal  resources. 

More  than  half  the  geot hernia r potential  of  Hungary  is  repre- 
sented in  these  strata. 

The  porous  rocks  containing  the  geothermal  water  are  under  the 
lithostatic  load  of  the  overlying  strata  at  depths  of  about  1 to  B kilo- 
meters. Only  a small  part  of  the  lithostatic  pressure  is  borne  by  the 
interstitial  waters,  which  are  under  essentially  hydrostatic  pressure 
only. 

There  arc  several  surface  geothermal  manifestations  in  Hungary, 

in  the  form  of  thermal  springs  and  wells,  as  catalogued  by  the  Geological 
26 

Survey.  Most  of  these  are  low  temperature,  with  the  greatest  measured 
temperature  being  only  about  80°C.  These  wells  are  scattered  throughout 
t lie  country. 
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Deeper  reservoirs  are  readied  through  drilling  to  depths  of 
about  2 kilometers  using  standard  oil-field  exploration  equipment.  Most 
hot  waters  in  the  Hungarian  Basin  are  alkal i-hydroearbonate  type,  with 
about  2,500  ppru  soluble  salts. 

It  was  noted  recently  that  deep  drilling  (5-<5  kilometers)  for 

oil  exploration  in  Hungary  has  been  hampered  by  technical  difficulties. 

These  are  the  result  of  "abnormally  high  geothermal  gradients  and  high 
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formation  pressures  in  lower  strata.  This  could  be  of  importance  for 
potential  development  of  geopressured  resources.  Temperatures  are  gener- 
ally in  the  range  from  <100°  P to  (500  P and  pressures  frequently  exceed 
simple  hydrostatic  pressures.  It  was  noted  that  "effective  pore  pres- 
sures measured  in  wells  in  Hungary  exceed  those  of  the  U.S.  Gulf  Coast, 
and  temperatures  exceed  those  measured  in  Kansas,  California,  or  the 
Rocky  Mountains."  Formation  pressure  gradients  increase  with  depth, 
and  values  exceeding  0.86(5  psr/ft  must  be  expected.  These  anomalous 
pressures  were  explained  by  compaction  and  uplift. 

It  seems  clear  from  these  data  that  there  is  an  important 
potential  for  development  of  geopressured  resources  in  Hungary,  and  that 
future  work  is  required  to  test  this  potential  to  determine  its  energy 
eontribut ion . 

There  wore  80  geothermal  wells  in  Hungary  as  of  1970  (Figure 
K-G) . The  average  production  of  hot  water  at  85-90°C  is  about  80  to  90 
cubic  meters/hour,  with  an  average  energy  content  of  about  4 to  5 million 
keal/hour.  The  total  output  is  about  6,800  cubic  meters/hour,  with  about 
0.11  MU'  considered  as  the  ultimate  capacity.  The  optimum  useful  pro- 
duction capacity  of  geothermal  energy  at  present  is  about  one-third  the 
ultimate  capacity  or  about  0.15  MU’.  Geothermal  energy  has  been  used  in 
Hungary  for  heating  and  for  control  of  soil  temperatures  to  aid  in 
agriculture . 
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Figure  E-6 

LOCATION  OF  GEOTHERMAL  WELLS  IN  HUNGARY  AND  GEOTHERMAL  DEGREE  CONTOURS  IN  Meters/*C 


The  development  and  utilization  of  geothermal  resources  in 

3 1 

Hungary  was  described  by  Belteky.  Detailed  data  on  the  number  of  wells, 
output,  characteristics,  and  utilization  are  shown  in  Tables  E-15,  K-lli, 
and  E - 1 7 . The  tables  show  that  most  wells  (70  percent  of  the  total) 
have  temperatures  less  than  60° C , and  that  the  principal  use  of  these 
thermal  waters  is  for  heating  or  recreational/medicinal  purposes  (spas). 

Despite  long-standing  use  of  the  geothermal  resources  of  Hun- 
gary, the  average  geothermal  characteristics  have  changed  only  slightly 
over  time.  Increasing  attention  is  being  given  to  "multipurpose  utili- 
zation" of  geothermal  wells,  especially  those  from  which  associated 
natural  gas  can  be  recovered  for  industrial  use. 

6 . Geothermal  Resources  of  Poland 

Poland  is  in  an  area  marked  by  relatively  modest  temperatures 
at  1 kilometer  depth  (see  Figure  E-4)  . In  the  northeastern  third  of  the 
country,  temperatures  range  from  20°  to  30°C  at  1 kilometer,  while  in  a 
northwestern  trending  belt  across  the  center  of  the  country,  tempera- 
tures are  generally  from  30°  to  IOC.  In  a small  area  in  the  southwest- 
ern part  of  Poland,  1 kilometer  temperatures  are  greater  than  40°C.  The 
surface  heat  flow  in  Poland  is  about  0.8  p,cal/cm2sec  in  the  shallow 
crystalline  formations  of  the  Eastern  European  shield  area  of  the  north- 

p 

east,  and  about  twice  as  much  (or  1.7  p.cal/cm^sec)  in  the  Czechoslo- 
vakian frontier  at  the  southern  part  of  the  country. 

Important  amounts  of  thermal  waters  under  high  pressures  occur 
in  thick  sedimentary  sequences  of  the  Polish  lowlands.  The  tempera- 
tures of  these  waters  are  low,  rarely  exceeding  40°C.  However,  the 

water  is  relatively  pure  (low  dissolved  solids  content)  and  in  high 
32 

volume.  ~ This  description  suggests  that  these  waters  may  actually 
represent  geopressured  resources  of  the  type  occurring  in  the  U.S.  Gulf 
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NUMBER,  OUTPUT,  AND  USE  OF  THERMAL  WELLS  - JANUARY  1,  1972 


fa. 


52 


WATER  *iMPEK ATURE , NUMBER,  AN1)  OUTPUT  OF  WELLS  SUPPLYING  SPAS 
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Coast  province  and  elsewhere.  Present  developments  in  Ciechocinek  and 
Koszuty  achieve  flows  of  400  cubic  meters/hour  and  40  cubic  meters/hour, 
10 spec  lively , with  the  dissolved  solids  content  being  low.  This  sug- 
gests that  the  waters  are  under  high  pressure,  as  are  those  for  typical 
geopressured  systems.  It  would  appear,  therefore,  that  the  Polish  low- 
land may  represent  a region  with  some  promise  for  geopressured  resource 
development.  However,  this  possibility  remains  to  be  tested  by  further 
exploration  and  drilling. 

Thermal  waters  in  the  southern  part  of  Poland  are  associated 
with  recent  tectonic  activity,  a different  type  of  geothermal  resources 
than  those  described  above.  These  latter  resources  are  more  likely  to 
be  associated  with  thermal  springs  and  other  surface  manifestations  of 
geothermal  occurrences.  However,  the  temperatures  of  these  manifesta- 
tions are  rather  low  (Ji(Pc)  and  their  potential  for  further  development 
does  not  appear  promising. 


The  chemical  character  of  brines  in  northwest  Poland  was  re- 
...  33 

cently  examined.  Brines  occur  at  depths  greater  than  2,000  meters. 
Most  authors  attribute  the  origin  of  brines  to  leaching  of  soluble  salts 
from  the  salt-bearing  sedimentary  sequence  occurring  in  this  region.  A 
similar  origin  has  been  suggested  for  the  brines  of  the  Imperial  Valley, 
Cal  l torn i a . However,  this  recent  work  in  Poland  has  been  interpreted 
to  suggest  the  presence  of  fossil  saline  water,  which  has  been  later 
diluted  bv  recent  meteoric  water.  It  was  further  suggested  that  the 
water  of  the  most  concentrated  brines  resulted  from  in-place  filtration 
through  semi -permeable  clay  membranes  separating  more  permeable  strata. 
Additional  exploration  work  is  necessary  to  determine  with  precision 
the  nature  and  origin  of  these  brines. 
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7 . Geothermal  Resources  of  Romania 

Homan  i a is  situated  in  a region  where  temperatures  at  1 kH(). 

"U'‘‘,r  ,k|>,ll  !,r‘‘  "K""lv  lu,lvwt,“  [iirc  and  dOPc  (see  Figure  K-l)  . Higher 
temperatures  (greater  than  40°C)  arc  found  at  depth  along  the  western 
frontier  of  the  country.  The  lowest  temperatures  (less  than  30°C)  are 

found  in  the  southeastern  region  and  in  a small  area  of  the  central 
part. 

A number  of  low  temperature  thermal  springs  were  noted  in 
Romania  by  Waung.  Temperatures  of  these  springs  ranged  from  about 
20^c  to  nearly  50°C.  More  recently,  the  mineral  and  thermal  waters  of 
Romania  were  reported  upon  by  Ghenea  and  Nicolescu.34  Figure  E-7, 
adapted  from  their  work,  shows  the  locations  of  principal  hot  springs 
and  mineral  waters.  The  figure  shows  that  most  springs  have  low  tempera- 
tures,  as  reported  by  the  U.S.  Geological  Survey. 

There  is  a possibility  that  higher  temperatures  and/or  geo- 
pressu red  resources  may  occur  in  the  extreme  northwest  part  of  Romania- 

Pni't  °f  thc  Tccto"ic  basin  that  comprises  Hungary.  However,  this  possi- 
bility remains  to  be  tested  by  further  exploration. 
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IV  URANIUM  IN  THE  USSR  AND  EASTERN  EUROPE 


A. 


Geology  pi  uranium  Rcsn..rro« 


ere  re  lew  Published  date  o„  the  uranium  resources  of  the  USSU 

7 th°  taSt°-n  ““*'*«•  Indeed , most  published 

of  uranium  resources  rather  pointed*  exclude  this  region,  . . , ld , 

in  the  present  report  excludes  the  USSR  r 

„ tllG  USS,{'  Astern  Europe  and  the  People's 

*°  °‘  Chln“’  ' At  th0  “inst,  this  omission  represents  an 

incomplete  and  hence  misleading  accounting  of  the  world  uranium  resides 
an.  great*  complicates  the  process  of  estimating  the  magnitude  of  pote„-' 
la  peacetime  nuclear  uses,  such  as  in  generation  of  electric!*,  a 

.Ltland  r°Ut0d  P,'0bl°"  1S  th°  ‘mCOrtal",S’  that  ilnPorfect  Knowledge 
the  l1V”P°‘'ta"t  ^ Pr0jGCt<id  MBh  !•"■»«*■>  nuctor  introduces  into 

eirr  rrBy  b,iMce  °f  t,wso  ,,ations-  — 

" l°nS'  r°lGS  ln  international  trade  in  energy  or  fuels. 


Still,  this  situation  is  not  surprising  - 1 i a i 
of  thn  1n  . urprising.  it  is  a logical  consequence 

,yst  ,P°  °f  lU'a"i"  aS  an  Gas™‘lnl  Portion  of  nuclear  weapons 

oms,  an  the  array  of  security  retirements  that  are  attendant  to 

sue  systems  and  their  components.  .here  seems  little  HKelihood  t t 

: s;;rlty;ow,i,“ents  1,111  - ~ * tl, 

US,  iniormation  on  uranium  resources  may  continue  to  be  obscured. 


reflect  abSCnC°  ^ lnIormatlon  nbout  m’aniu»'  resources  probably  also 
enacts  incomplete  Knowledge  about  tho  occurrence  and  characteristics 

o uranium  in  particular  deposits,  although  this  problem  is  most  pro- 

nil0’'  th°  r°”t0  lmP°rlGCtly  0>!Pl0rGd  ‘■GB1°”S  ‘he  USSR,  it 
ess  true  lor  portions  of  the  Eastern  ruropean  countries  as  well 


tiallrl  tM3  SltUati°n-  Malysia  »'  the  uranium  resource  poten- 
. °rn  EUr°PG  and  tho  USSli  rely  upon  basic  geological 

principles,  accordingly,  this  discussion  will  ,lrrt  prose„t  regiH 

ploration  criteria  for  uranium,  as  a basis  for  evaluating  the  remaining 
uranium  resources  and  calculating  recoverable  reser  ,es  for  each  Jl' 


57 


. „ — ' 


Uranium  deposits  occur  in  a variety  oi  geological  regions,  repre- 
senting a range  of  depositional  processes. JG  These  are  summarized  below: 

Deposit  Type Percent  of  Known  Keservefi. 

1.  Conglomerates  651 

2.  Other  sedimentary  rocks  -5 

2.  Vein  or  vein  type  deposits 

in  igneous  or  metamorphic 

rocks  — iiL 

100' 

Nearly  two-thirds  of  total  known  reserves  occur  in  Precambrian  conglom- 
erates, with  another  one-quarter  of  known  reserves  occurring  in  other 
sedimentary  rocks,  mainly  sandstones.  Thus,  the  clastic  sedimentary 
rocks  thus  account  for  about  90  percent  of  known  resources.  The  remain- 
ing 10  percent  of  the  known  resources  occur  in  vein  or  vein-type  deposits 
in  igneous  or  metamorphic  terrain;  formerly,  these  represented  most  of 
the  known  resources.  Unlike  the  conglomerates  or  sandstone  deposits 
whereby  product  minerals  may  also  be  recovered,  vein  deposits  often  have 
uranium  as  the  only  extractable  mineral , adversely  affecting  the  overall 
economic  aspects  oi  operations. 

In  addition  to  these  three  basic  classes  of  deposit,  uranium  also 
occurs  as  low  grade  deposits  in  shale,  phosphorite , or  granite.  Present 
in  great  abundance,  these  latter  deposits  would  provide  virtually  inex- 
haustible uranium  supplies  if  cost  of  recovery  were  no  obstacle.  As  a 
practical  matter,  however,  their  contribution  to  uranium  reserves  in  the 
near  future  seems  likely  to  be  small, 

27 

The  average  uranium  content  of  common  rock  types  is  as  follows: 


Rock  Typo 
I gneous 
Shale 
Limestone 
Sandstones 


Average  Uranium  Content 

CppiuJ 

2.5  ~ 0.5 
2.7  ± 0.5 
2.2  ± 0.1 
1.1  ± 1.5 


This  tabulation  further  illustrates  the  point  that  clastic  sediments 
(e.g.,  sandstones  and  conglomerates)  are  richest  in  uranium  content  and 
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'The  tabulation 


arc  therefore  the  most  promising  targets  for  exp] oration, 
however , is  for  uranium  content  in  ppm;  when  percent  uranium  oxide  ( U;J0B ) 
is  the  measure  (Table  K-18),  sandstones  still  rank  highest  among  typical 
rocks,  with  the  exception  of  metasediments. 

Hi  ere  are  t number  of  provinces  that  contain  favorable  geologic 
features  for  uranium  occurrence,  but  in  which  deposits  have  yet  to  be 
discovered.  The  preceding  data  indicate  that  the  most  promising  areas 
for  future  discoveries  will  probably  be  characterized  by  sedimentary 
features  associated  with  deposits  covering  a range  in  geologic  age.  An 
analysis  of  regional  or  generalized  geological  criteria  for  uranium 
occurrence  describes  the  characteristics  of  the  three  principal  areas: 

• Pr- Cambrian  areas  contain  about  70  percent  of  the  total  world 
uranium  resources;  this  total  is  comprised  of  conglomerates 
(6u  percent)  and  vein  deposits  (5  percent).  Known  Precambrian 
deposits  are  largely  confined  to  shield  areas;  stable  terrain 
comprised  of  igneous  and  inetamorphic  rocks  that  contain  various 
amounts  of  in-mixed  sediments.  There  is  a wide  variety  of 
uranium  mineralogy,  host  rock,  and  structural  control  in  these 
areas  There  are  three  main  classes  of  uranium  deposits  in 
Precambrian  areas; 


1 . 

Silicic  host  rocks  assoc 
sediments . 

a ted 

2 

Metamorphosed  sedimentary 

host 

wjth  younger  intrusive  bodies. 

2 . 

Metamorphosed  sedimentary 
intrusions  oi  varying 

host 

Although  there  are  important  exceptions,  uranium  generally 
avors  the  sediments  deposited  apart  from  volcanic  activity 
(miogcosyncline  environment).  The  inetamorphic  derivations  of 
these  sediments  are  also  important  host  rocks.  Finally 
uranium  deposits  have  also  been  found  in  the  sedimentary  vein 
that  covers  Precambrian  shield  areas. 

Figure  K-8  show  , the  locations  of  major  geological  feati  res 
important  ior  uranium  occurrence.  Shield  areas  are  exposed  in 
the  Kola  Penisul a a**ca  of  the  USSR,  as  well  as  in  the  Ukraine 
and  along  the  southern  margin  of  Siberia.  Hi  ere  are  also 
extensive  areas  that  are  covered  by  younger  sediments. 

sedimentary  lias  ins  contain  about  20  percent  of  the  world  uranium 
resources  These  basins  vary  in  shape,  amount  of  sediments,  and 
degree  of  development.  Considered  most  favorable  for  uranium 
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deposition  are  closed  depressions  characterized  by  relatively 
thin  accumulations  of  terrestrial  sediments  on  a rigid  but 
sinking  block  around  which  intense  deformation  has  taken  place. 
These  basins  are  typified  by  the  Colorado  Plateau  region  of  the 
United  States,  the  Fergana  liasin  of  the  USSR  (located  in  Central 
Asia),  and  the  Pannonian  liasin  of  Hungary  and  Romania  (see 
Figure  K-8). 

• folded  Mountain  Belts  contain  the  remaining  10  percent  of  the 
world's  uranium  resources.  Numerous  uranium  occurrences  have 
been  noted  in  such  terrain.  In  Europe,  certain  granites  intruded 
into  the  folded  mountain  chains  contain  commercially  valuable 
uranium-bearing  veins.  These  deposits  are  known  to  occur  in 
Germany  and  Czechoslovakia.  Additional  deposits  doubtless  occur 
in  other  regions  (see  Figure  E-8) . 

ft  is  clear  from  the  above  that  uranium  occurs  in  a range  of  rather 

different  geologic  conditions,  and  that  detailed  knowledge  of  specific 

local  features  will  be  required  to  determine  likely  resources  with 

precision.  However,  the  requisite  geologic  work  has  not  been  performed 

in  many  areas  (or,  as  in  Eastern  Europe  and  the  USSR,  if  done  was  not 

reported).  Consequently,  in  order  to  estimate  resources  for  such  areas, 

reliance  has  to  be  placed  on  general  comparisons  of  size  of  area  and 

distribution  of  deposits  with  features  in  better  known  areas.  It  was 

found  by  Butler^9  that  the  amount  of  uranium  resources  in  sedimentary 

rocks  can  be  approximated  by  (1)  multiplying  the  area  involved  by  the 

fraction  of  the  outcrop  length  of  the  formation  (or  the  fraction  of 

thoroughly  explored  ground — i.e.,  ore-bearing)  and  (2)  using  the  best 

data  on  thickness  to  compute  volume  and  tonnage.  For  the  Colorado 

Plateau  deposits,  the  area  thought  to  be  underlain  by  ore  is  about  0.5 

to  0.6  percent  of  the  total  area  considered  likely  to  be  uranium-bearing. 

Ore-grade  uranium  deposits  are  considered  to  be  0.1  percent  U3O8  or  more. 

Larger  amounts  of  lower  grade  deposits  (60-150  ppm)  occur,  but  these  are 

marginal  at  best.  The  limits  of  such  areas  may  be  approximated  for 

incompletely  explored  areas  by  general  geologic  information  about  the 
$ 

region. 


* See,  for  example,  W.  S.  Keys  and  P.  H.  Dodd,  "Lithofacies  of  Continental 
Sedimentary  Rocks  Related  to  Significant  Uranium  Deposits  in  the  Western 
United  States,''  Second  UN  International  Conference  on  Peaceful  Uses  of 
Atomic  Energy,  Vol . 2,  pp.  367-378,  1958, 
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Table  L-18 


URANIUM  CONTENTS  OF  TYPICAL  ROCKS 
(Weight  Percent) 


Rocks 

Sandstones 

Quartz-pebble  conglomerates 
Veins 

Metasodiments 
Grani to 
Phosphates 
black  shales 


Uranium  content  (^U^Qk) 

0.15  to  0.30,  avg  0.22 

0.12  to  0.16 

0.10  to  1.0 

0.23 

0.0015 

0.012  to  0.024 

0.007  (U.S.) 

0.3  (Scandanavia) 


Source.  U.S,  Geological  Survey,  Professional  Paper  820, 


RELATIONSHIP  OF  SELE' 


B . 


rranimn  Deposits  oi  the*  USSR 


Currently  available  information  indicates  that  uranium  reserves  of 
the  USSR  are  known  to  occur  in  at  least  16  different  deposits  (Table 
1-19).  The  table  shows  the  estimated  reserves  of  uranium  metal  and 
U3°H  ,or  theso  ^Posits.  Figure  F-9  shows  locations  of  some  of  the  key 
deposits.  'If' e remainder  of  this  section  will  summarize  some  salient 
featiu’es  about  these  principal  uranium  deposits  of  the  USSR. 

1 . Fergana  Valley 

There  are  several  uranium  deposits  in  the  Fergana  Valley  of 
Central  Asia.  The  principal  ore  body  is  an  oxide  replacement 
in  a highly  fractured  and  soluble  limestone.  The  uranium 
content  was  estimated  to  be  about  1 percent  U..0  Additional 
deposits,  representing  a variety  of  geological  types,  also 
appear  to  be  present  in  this  area. 

d ■ Kara  Tau  Mountains 

The  most  important  uranium  deposits  in  this  area  appear  to  be 
rather  low-grade  uranium-bearing  shales.  The  uranium  is 
scattered  in  irregular  pockets. 

B . Ural s 

A number  oi  small  and  scattered  uranium  occurrences  have  been 
suggested  in  the  Ural  Mountains.  At  present,  these  appear  to 
he  poorly  known. 

I.  Kr 1 voy  Rog  Area  (Ukraine) 

Uranium  ores  occur  in  lenslike  and  disseminated  bodies.  These 
deposits  were  being  worked  in  the  early  1960’s  and  production 
may  be  continuing  at  present. 

5 . Kstonia 

Uranxiim  occurs  in  shales  similar  to  those  found  in  Sweden. 
However,  the  uranium  is  widely  dispersed,  and  large  volume  of 
rock  would  have  to  bo  processed  to  realize  its  recovery. 
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Table  E-19 


ESTIMATED  URANIUM  RESERVES  IN  THE  USSR 
(Metric  Tons) 


Be  posit 

Uranium 

Meta  1 

Fergana  Valley 

10,000 

to 

30,000 

Kara-lau  Mountains 

500 

to 

2,000 

U ra  1 s 

100 

to 

4,000 

Krivoy  Rog  (Ukraine) 

15,000 

to 

50,000 

Estonia 

~50 , 000 

to 

100,000 

Kola  Peninsula/Karelia 

100 

to 

2,000 

Ukrainian  Shield 

100 

to 

2,000 

Northern  Caucasus/ 

Caspian/Aral  Seas 

1,000 

to 

10,000 

hake  Issyk-Kul 

1,000 

to 

10,000 

Altai-Zaparinvy  Sayan 

Mountains 

1,000 

to 

10,000 

Transbaikal 

500 

to 

5,000 

Aldan 

500 

to 

5,000 

Far  East 

500 

to 

5,000 

Jurassic  Sub-bituminous  Coal 

5,000 

to 

40,000 

Northern  Siberia 

500 

to 

5,000 

Permian  Basin 

500 

to 

5,000 

Total 

86,300 

to 

285,000 

Source:  Joint  Committee  on  Atomic  Energy,  U.S.  Congress,  1961, 
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Kola  Peninsula  and  Karelia 


Ui  anium  occurs  in  small  quantities  in  the  igneous  rocks  that 
comprise  this  area,  and  may  also  be  present  as  vein  deposits. 

I'krainian  Shield  Area 

Possible  uranium  mineralization  may  occur  in  the  area  adjacent 
to  the  Hungarian  and  Czechoslovakian  borders. 

Northern  Caucasus 

'Hus  area  of  extensive  mineralization  and  tectonic  activity 
may  contain  uranium  deposits  as  well. 

bake  1 ssyk-Kul^  Area 

'Hi is  area  borders  the  Fergana  Valley  region,  and  may  also  be 
uranium-boaring. 

Altai -Zapadnyy  Sayan  Mountain  Area 

L 1 ani um-hoar i ng  monazite  deposits  have  been  reported  to  be 
present  in  this  area. 

Trans-13aikal  Area 

Uranium-boaring  monazite  placers  occur  in  this  area.  Also, 
there  are  probably  minor  deposits  scattered  throughout  the 
area . 

Aldan  Area 

This  area  is  similar  to  the  Trans-Baikal  area. 

Far  l-ast 

The  diverse  geological  conditions  in  this  area  suggest  that 
any  uranium  deposits  present  would  be  small  and  scattered. 

Jurassic  Brown  Coals 

Uranium  is  known  to  occur  as  minor  amounts  in  certain  brown 
coal  deposits.  There  are  numerous  small  brown  coal  deposits 
of  Jurossic  Age  in  Southern  Siberia  and  the  Far  East  from 
which  uranium  might  be  extracted. 


15. 


Permian  Musis 


'Hie  possibility  of  uranium-bearing  sediments  in  this  area  has 
been  suggested,  and  remains  to  be  demonstrated. 

c • Uranium  Mining  and  Processing  Technology 

Iniormation  about  mining  and  processing  of  uranium  in  the  USSR  and 
Eastern  Europe  is  more  readily  available  than  information  about  ore 
reserves,  but  is  fragmentary  and  incomplete  at  best.  The  foregoing 
discussion  suggests  that  uranium  deposits  of  the  USSR  and  other  CMKA 
countries  are  structurally  complex,  similar  in  some  respects  to  those  of 
the  i are  metals.  Ibis  complexity  necessitates  extensive  exploration 
drilling  and  sampling  to  define  the  limits  and  quality  of  the  ore  bodies 
and  permit  design  of  mining  methods  for  ore  recovery. 

Both  surface  and  underground  mining  methods  appear  to  be  used.10 
In  surface  mines,  the  ore  bodies  defined  by  exploratory  drilling  and 
sampling  are  drilled  and  blasted  using  granulated  explosives  that  appear 
to  be  similar  to  the  ammonium  nitrate/fuel  oil  mixtures  ( ANFO)  used  so 
widely  in  the  United  States.  The  broken  rock  and  ore  are  loaded  by 
shovels  or  by  rotary  excavators''  (presumably  equivalent  to  the  bucket 
wheel  excavators  employed  in  surface  coal  mining  in  Germany  and  else- 
where, but  smaller).  Transpor tation  of  the  mined  ore  is  by  truck  and 
belt  conveyor,  again  apparently  similar  in  concept  to  those  of  the  West. 

In  underground  uranium  mining,  the  Soviets  discuss  capabilities  of 
an  "entry-drive  combine."  in  this  context,  however,  the  machines 
described  are  similar  in  appearance  and  apparent  function  to  the  con- 
tinuous mining  machines  common  to  underground  coal  mines  of  the  United 
States.  This  machine  lias  an  articulated  cutting  head  which  mechanically 
removes  ere  from  the  face  of  the  mine,  and  also  has  mechanical  crablike 
arms  that  collect  the  mined  ore  and  feed  it  to  an  integral  conveyor 
system  that  traverses  the  machine  to  supply  the  mined  ore  to  a car  or 
other  haulage  system  for  removal  from  the  mine. 
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Considerable  attention  appears  to  have  been  given  to  chemical 
leaching  of  uranium  ores  in  attempts  to  mine  complex  deposits  as  well  as 
to  improve  overall  recovery.  This  method  also  appears  to  have  promise 
lor  uranium  recovery  Iron  ores  with  very  low  uranium  content.  The 
process  entails  the  lollowing  steps: 

L.  breaking  and  preparation  of  ores. 

2.  equipment  installation. 

3.  Capillary  Leaching  by  sulfuric  acid  solutions:  collection  of 

leachate. 

1.  Absorption  extraction  of  uran.um  from  solution. 

f>.  Recovery  and  recycling  of  reagents . 

Processing  oi  recovered  uranium  ores  in  the  USSR  and  Pastern  Purope 
is  little  discussed  in  readily  available  literature.  However,  given 
the  nature  of  the  material  and  the  likely  uses  for  which  it  is  intended, 
it  seems  reasonable  to  expect  that  the  techniques  employed  will  be  gen- 
erally similar  to  those  used  in  the  West. 

I) . Pstiinated  Uranium  Reserves,  Production,  and  Trade  of  the  USSR 

and  CMEA  Countries 

It  was  pointed  out  earlier  that  there  are  no  published  estimates 

of  uranium  resources  from  Pastern  Puropean  or  Soviet  sources.  However, 

an  estimate  of  uranium  reserves  in  these  countries  was  prepared  in  1961 
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for  the  Joint  Committee  on  Atomic  Pnergy  of  the  U.S.  Congress.  Table 
P-20  summarizes  this  estimate.  The  table  shows  that  the  largest  reserves 
are  in  the  USSR,  as  might  lie  expected.  The  second  largest  reserves  are 
estimated  to  lie  in  the  German  Democratic  Republic;  reserves  of  the  other 
countries  are  individually  small  but  clearly  would  be  significant  in  the 
aggregate. 

In  an  attempt  to  place  the  estimated  resources  and  reserves  in 
perspective,  some  brief  remarks  on  estimated  uranium  production  are 
offered.  Again,  it  is  emphasized  that  these  data  are  estimates  only, 
and  not  a result  of  published  statistical  information  from  original 
sources,  and  therefore  may  be  subject  to  greater  than  nor nal  uncertainty. 
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Table  E-20 


1 Si 

1 MA'I  Hi  t JUAN  HIM  RESERVES 
i <>o  i r mi  i nin  irt 
( M»' t lit*  1 nils  ) 

IN 

Count  ry 

Uranium 

Metal* 

Uranium 

Oxide 

U 0 
3 8 

Bulgaria 

15,000 

17,689 

Czechoslovakia 

25,000 

29,481 

German  Democratic 
Republic 

100,000 

117,925 

Hungary 

15 , 000 

17,689 

Poland 

1,000 

1,179 

Romania 

15,000 

17,689 

USSR 

80,000  - 270,000 

93,340  - 318 

* 

Hearings,  I'.S. 

Joint  Committee  on  Atomic 

Energy,  U.S 

Congress,  1961. 
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On  the  basis  oi  available  iniormation,  the  annual  output  of  the 
Soviet  Union  is  on  the  order  of  8,000  tons  of  oxide  per  year,  and  the 
annual  output  of  the  other  Eastern  Kuropean  Countries  is  about  600  tons 
(Table  K-21 ) . Total  production  is  about  11,600  tons.  These  figures  are, 
at  best,  a broad  estimate  based  on  a search  of  the  literature  of  the 

past  80  years.  Production  capability  in  future  years  would  not  appear 
to  be  limited  by  reserves. 

Substantial  uranium  trade  by  and  among  the  CMC A countries  cannot  be 
ruled  out.  Already  Kuropean  countries  and  Japan  are  trading  heavily  with 
the  C.VKA  countries  for  a wide  range  of  minerals  and  metals.  Japan,  in 
particular,  is  stepping  up  its  trade  with  the  Hast,  and  there  is  no 
reason  to  suppose  that  this  will  not  include  uranium  in  the  future.  m 
view  of  its  considerable  lack  of  success  in  exploring  for  uranium  in 
Canada  and  in  the  United  States  over  the  past  three  years,  Japan  might 
well  consider  more  prom, sing  areas  such  as  eastern  Siberia.  However,  if 
uranium  prices  remain  at  low  levels  for  some  years,  it  is  rather  doubt- 
iul  that  Japan  will  pursue  such  a course  too  vigorously. 

The  Kuropean  countries  are  less  likely  than  Japan  to  seek  uranium 
supplies  from  the  C.MKA  countries  because  most  countries  are  developing 
sources  in  nations  that  have  traditionally  supplied  Europe  with  minerals. 


Table  K-21 


ESTIMATED  URANIUM  PRODUCTION  CAPABILITY  OF 

THi:  EASTERN  EUROPEAN  COUNTRIES 

( Ih ous and  Ions  of  U.,0  per  Year) 

8 


Country 

Thousand  Tons  of 
U30h  por  Yoav 

USSR 

8,000 

German  Democratic  Republic 

100 

Poland 

50 

Czechoslovak! a 

250 

Romania 

50 

Hungary 

50 

Bulgaria 

100 

Total 

8,600 
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Apart  l'rom  selective  sales  of  uranium,  it  would  appear  difficult 
Irtr  the  Soviets  to  affect  Western  markets  very  much.  Multiple  sources 

of  supply  are  one  of  the  factors  that  deter  Soviet  sales;  another  is 
that  there  is  no  apparent  real  shortage  of  uranium  ores.  Further,  the 
demand  lor  uranium  15  years  hence  and  beyond  will  be  so  enormous  that 
Soviet  trade  would  have  to  be  exceedingly  large  to  have  any  effect. 

But  it  is  always  possible  that  individual  governments  will  deal  with  the 
CMLA  countries  for  their  uranium  supply;  even  modest  CMEA  sales  will 
make  it  difficult  for  new  and  existing  uranium  producers,  particularly 
those  outside  the  United  States,  to  compete.  An  added  advantage  of  the 
Soviets  is  that  the  USSR  imports  from  the  CMEA  countries  and  offers 

uranium  processing  on  a contract  basis,  in  competition  with  the  United 
States . 


Uranium  Deposits  in  Individual  Countries 
1 • Uranium  Deposits  in  Bulgaria 


Bulgarian  uranium  deposits  are  distributed  more  or  less  through- 
out the  country,  but  the  largest  concentration  of  uranium  occurs  at  the 
Bukhovo  deposit  near  Sofia.  The  rocks  in  this  are  described  as  follows: 


Era 

Mesozoic 


Paleozo  in 


Period 
Cretaceous 
Jurassic 
Triassic 
Sil  lu’ian 


Rock  'type 

Marly  limestone 
andy  shale  and  sandstone 
Breccia  and  conglomerate 
Schist 


The  uranium  deposits  occur  as  fillings  of  fractures  in  the  Silurian 
schist.  The  deposit  is  not  a true  vein  filling,  and  the  uranium  is 
presumed  to  have  been  formed  either  by  oxidation  of  a pitch  blende- 
bearing vein  or  by  deposition  from  surface  waters. 


Bulgaria  had  four  mines  operating  in  1952  in  the  Bukhovo  and 
Kremikovzi-Seslavkzi  areas.  The  Bukhovo  Mine  reportedly  contained  ore 
that  ran  2 percent  U^.  In  1951  a large  new  mine  was  opened  in  the 
Rhodope  Mountains  between  Mada  and  Zilatograd;  the  ore  was  shipped  to 
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the  USSR  without  concentration . By  1955  Bulgaria  had  its  own  ore- 

P,OCeSSlnK  Plart  Dullt  undencround.  This  study  encounter  no  additional 
nrto'  Mdlitn  r inn  u rani  mu  mining. 

I'raininn  deposits  of  Czechoslovakia 

Czechoslovakia ' s uranium  resources  have  been  developed  and 
worked  lor  over  a hundred  years,  especially  in  the  area  of  Joachimsthal 
near  the  German  border.  Most  of  the  ore  occurs  as  vein  fillings  into  a 
series  of  fractures  in  Precambrian  schists  and  slates  that  have  been 
intruded  by  granites.  Pitch  blende  occurs  in  thin-banded,  fairly  con- 
tinuous stringers  in  veins  of  dolomite  and  quartz,  either  individually 
or  in  association  with  other  minerals,  it  also  occurs  as  streaks  and 
isolated  patches  in  veins  or  in  the  country  rock. 

me  Bohemian  Massif  and  the  Carpathian  Mountains  also  contain 
uranium  deposits.  In  these  areas  the  uranium  deposits  are  principally 
veins  intruded  into  Precambrian  metamorphic  and  igneous  rocks. 

In  1C51  Soviets  were  mining  additional  deposits  located  at 
Susice  and  Prackovice  in  central  Prerov.  Production  at  the  Joachimsthal 
Mine  was  declining,  and  the  largest  producing  mine  in  1954  was  at  Pribram, 
which  reportedly  was  much  bigger  than  the  Joachimsthal  deposit  and  had 
reserves  for  30  years.  In  1957  Czechoslovakia's  main  export  item  to  the 
tSSK  was  uranium.  Additional  deposits  are  reported  at  Jihlava  in 
Moravia. 

In  l.HiK  choslovakis  was  believed  to  he  producing  10,000  tons 
of  uranium  a year- all  of  which  was  sold  to  the  USSR  at  a reported  price 
ol  *7.50  a pound  equivalent.  (it  is  no  wonder  that  tne  Soviets  viewed 
seriously  the  recent  attempt  of  Czechoslovakia  toward  liberalizing  its 
political  and  economic  institutions.) 


Uranium  Ucposits  ol  Poland 

Poland  has  issued  little  information  on  its  uranium  development 
activities,  and  few  data  are  available. 
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l.'i  tin  i mi1,  deposits  of  Komania 


Most  ol  Romania's  uranium  deposits  occur  in  the  Transylvanian 
lountains  oi  tlie  east-central  part  of  the  country.  These  mountains  are 
ii.nde  up  oi  folded  and  metamorphosed  Paleozoic  sedimentary  rocks  that 
have  been  intruded  by  tertiary  volcanic  rocks.  The  uranium  deposits 
oeeiu*  as  veins  in  which  uranium  minerals  are  present  in  association  with 
deposits  of  other  minerals. 

komania  reportedly  has  small  but  adequate  uranium  resources  to 
satisfy  its  own  needs  for  reactor  fuel.  The  head  of  the  state  electri- 
city board  has  stated  that  heavy  water  reactors  will  be  installed  in 
Komania  in  order  to  use  the  native  uranium  and  save  on  foreign  exchange 
that  would  otherwise  be  required  for  imported  uranium  and  enrichment 
service  for  the  other  types  of  reactors. 

Deposits  and  mines  in  Komania  are  located  near  Capnic  in  the 
Lead  mining  region  oi  Mai a Mare;  at  Beica  in  western  Transylvania;  and 
at  lurnu  Sevcrin.  The  USSR  sold  back  to  Romania  its  one-half  interest 
in  mines  in  the  Baita  district  of  iVansylvania. 
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